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THE  EDITOR'S  PREFACE. 


Ik  commencing  this  series  of  populAr  and  sUndavd 
works  on  the  different  branches  of  science  that  are  more 
expressly  applicable  to  the*  purposes  of  the  Mediamc»  it 
will  naturally  be  expected  that  something  further  than  a 
reprint  will  be  given,  from  the  adyanced  state  of  scieDce» 
and  the  many  improvements  of  late  years  eiactad» 
both  by  the  writings  of  men  of  genius,  and  the  prac- 
tical example  of  those  whose  occiqiatioiis  are  more 
directed  to  what  is  of  real  benefit  to  mankind—the  im- 
provement of  our  manu£u:ture8, — than  to  speculations 
of  the  learned.  Many  obstacles  have  presented  them- 
selves^ as  regards  the  form  of  language,  and  the  adaplai- 
tion  of  style,  to  meet  the  wishes  of  all  readers.  Men 
of  science  are,  in  general,  too  fond  of  techmdogieal 
obscurity,  and  what  is  written  in  a  fiumiliar  and  plain 
way  is  apt  to  draw  down  their  censure;  but,  as  the 
present  work  is  more  particularly  intended  for  the  penn 
sal  of  the  Artisan,  I  have  endeavoured  to  gratify  both 
the  Student  and  the  practical  Mechanic^  by  a  careful 
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rev  isbn  of  the  worka  themselves  ;  and  where  1  have 
thought  any  thing  was  wanting  in  clearneesj  or  any  sub- 
ject that  required  familiar  language  to  make  it  generally 
underitood,  I  have  preferred  the  method  of  supplying 
their  defects  by  an  Appendix^  rather  than  that  of  altering 
the  text  of  the  original.  How  far  1  have  been  success- 
ful, will  not  be  for  me  to  decide  5  but  I  can,  with  safety^ 
sayj  that  my  endeavours  have  been  directed  to  the  elu- 
cidation of  subjects  which  appeared  not  sufficiently 
explained  ,  and  to  place,  in  as  clear  a  light  as  possiblCj 
every  Proposition  that  presented  itself.  Some  new 
matter  haS;,  also,  been  added,  in  order  to  reader  the 
work  as  complete  ns  possible. 

It  will,  I  trustj  be  thought  not  too  much  if  I  add, 
that,  independent  of  the  great  care  that  has  been  taken 
to  correct  any  tyjiographical  errors,  the  corrections 
of  the  engravings  and  diagrams  have  been  much  im- 
proved from  those  of  the  original  works*  Indeed,  otir 
present  specimen,  both  of  typography  and  perspective 
drawing  in  the  plates,  will,  at  least,  shield  us  from  cen- 
sure^ if  not  gain  some  meed  of  praise,  for  the  pains  that 
have  been  taken  to  make  the  work  worthy  of  a  place 
in  the  library  of  the  man  of  science  as  well  as  the 
mechanic*  This  first  volume  of  the  series  thus  presents 
itself,  not  as  aiming  at  originality,  but  as  an  attempt  to 
perpetuate  the  writings  of  a  man  who,  for  general 
mathematical  knowledge,  stands,  I  may  say,  unrivalled  j 
and  to  bring  into  more  general  notice  the  theory  of  that 
art  by  which  our  wants,  as  well  bs  our  luxuries,  arc 
gratified  j  and  by  which  the  prosperity  of  the  nation, 
and  the  comfort  and  happiness  of  individuals,  ie  insured. 
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SlKnild  the  present  work  be  thought  worthy  of  pa- 
rage, it  is  my  intention  to  continue  the  series^  by  a 
selection  from  other  authors  of  acknowledged 
merits  who  have  written  on  the  other  branches  of 
^^ce,  and  to  include  all  those  anywise  connected  with 
business  of  the  Mechanic,  such  as  Geometry,  Per- 
spective, Algebra,  &c. ;  and  I  shall  endeavour,  in  the 
manner,  to  illustrate  them  by  an  Appendix,  using 
<u  familiar  language  as  the  subject  veill  admit  of,  and 
ooticing  such  new  improvements  as  may  have  been 
added  since  the  original  publication ;  thus  endeavouring 
to  blend,  as  it  were,  together  the  various  discoveries  of 
the  modems  vnth  the  original  works  of  those  who  have 
preceded  them. 

I  shall  here  take  my  leave ;  trusting  that  no  material 
error  will  be  found :  and,  as  I  cannot  claim  any  merit  in 
the  production,  I  hope  I  shall  not  incur  censure,  but 
that  the  indulgent  reader  will  peruse  this  with  the 
same  spirit  in  which  I  have  written,  that  of  endeavour- 
ing to  apply  to  some  useful  purpose  the  talents  which 
are  entrusted  to  us. 

G*  A.  S. 
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MEMOIRS  OF  MR.  EMERSON; 

WITH  SOME  ACCOUNT  OF  HIS  WRITINGS. 


In  giving  some  account  of  the  Life  and  Writings  of 
this  eccentric  man^  though  excellent  mathematician,  it  is 
but  justice  to  own,  I  am  more  indebted  to  what  has 
been  mentioned  by  others,  than  to  any  information  I  have 
hetn  able  to  collect  in  the  vicinity  of  his  place  of  usual 
residence,  as  it  is  now  between  forty  and  fifty  years  since 
his  decease ;  I  shall,  therefore,  aviul  myself  of  the  infor- 
mation given  by  the  Rev.  W.  Bowe  of  Scorton,  near 
Catterick^  Yorkshire^  in  his  account  of  the  Life  of  William 
Emersoft,  and  endeavour  to  supply  some  omissions,  and 
venture  some  remarks  on  his  writings,  not  given  by  him. 

Mr.  JBowe  commences  with  remarking,  that,  for  the  last 
three  or  four  years  of  our  Author  s  life,  he  was  on  terms 
of  intimacy  with  him^  and,  therefore,  had  many  oppor- 
tunities of  hearing  from  his  own  mouth  accounts  of  cir- 
cumstances which  had  taken  place  at  former  periods  of 
his  life^  as  well  as  giedning  information  from  those  who 
knew  him  many  years :  he  commences  his  narrative  by 
remarking^  that  Mr.  Dudley  Emerson,  of  Hurworth,  near 
Dariington,  in  the  county  of  Durham,  had  two  sons, 
William,  the  elder,  and  Dudley,  who  died  whilst  he  was 
young ;  William,  who  afterwards  lived  to  become  so  emi- 
nent a  mathematician,  was  bom  at  Hurworth,  in  the  year 
1701,  and  appears,  by  the  parish  register,  to  have  been 
baptized  thereon  the  10th  of  June  in  that  year. 
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In  a  vacant  leaf  of  an  old  prayer-book:,  in  which 
Dudley  Emerson,  the  father  of  our  Author,  had  register- 
ed his  marriage,  and  the  births  of  several  of  his  children, 
it  is  written,  WiUiam  Emerson  was  born  on  Wednes- 
day, May  14th,  at  one  oVloet  in  the  luoniing  and  forty 
niinutes,  and  baptized  June  10th,  1701  " 

His  father,  Dudley,  who  was  possessed  of  hut  a  small 
estate^,  at  that  time,  taught  a  school,  and  aeema  to  have 
thought  himself  of  some  little  consequence  in  the  world, 
for  there  is  a  paper  written  by  himself,  containing  what 
he  calls  an  acconnt  of  the  principal  transactions  or 
events  of  his  life.  Among  these  memorabilia,  relating, 
chiefly,  td  his  movements  from  one  place  to  another^  is 
observed  nothing  respecting  the  birth  or  education  of 
bis  son  William,  which  he  did  not  foresee  would  be  the 
only  circumstances^  or  events  of  any  importance,  in  his 
life,  that  might  possibly  rescue  his  name  from  oblivion. 
Our  autbor,  William  Emerson,  it  appears,  received  his  edu- 
cation principally  from  bis  father  ■ — reading,  writing  and 
arithmetic^  and  a  little  Latin^  perhaps,  as  far  as  Conlerii, 
or  Baza's  Latin  Tt^tament  i  but  that  he  afterwards  receiv- 
ed some  assistance  from  a  young  gentleman,  then  Curate 
of  Har worth,  in  the  learned  language Sj  and  wbo^  at  that 
time,  boarded  in  his  father's  house.  It  docs  not  appear, 
however,  that  he  made  any  considerable  progress,  or  was 
much  attached  to  his  books  wbilst  a  boy^  or  exhibit- 
ed any  symptoms  of  those  superior  faculties,  which  he 
afterwards  exerted  with  so  much  energy r  Indeed*  so 
careless  and  inattentive  to  learning  was  he,  at  this  pe- 
ri odj  that  he  has  been  heard  to  say,  that  till  he  was 
nearly  twenty  years  of  age^  his  principle  and  favourite 
employ mentj  for  one  season  of  the  year,  was  that  of  seek-^ 
ing  birds'  nests.  But  his  attachments  to  childish  amuse- 
ments having  passed  away,  he  began  to  be  sensible  to 
the  charms  and  beauties  of  science.  He  first  went  to 
Newcastle,  and  afterwards  to  York»  where  be  applied 
himself  with  considerable  attention  and  diligence  to  the 
study  of  the  mathematics j  under  the  direction  of  school- 
masters J  and  of  whom  he  used  to  speak  with  much  re- 
spect, in  the  latter  part  of  htslife.  He  used  to  say,  too^, 
that  his  father  was  a  tolerable  mathejuatician  j  and  with- 
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out  his  books  and  instnictionsy  perfai^s,  bis  own  genius 
(most  eminently  fitted  for  mathematical  disquisitions) 
would  never  have  been  unfolded. 

After  bis  return  from  school  at  York,  be  resided  prin- 
cipally at  Hurworth.  wbere  be  continued  to  pursue  his 
studies  and  amusements,  at  intervals,  until  the  time  of 
bis  marriage.  In  what  year  of  his  life  this  happened  is 
not  exactly  known,  but  it  was  about  the  thirty-second  or 
thirty-tbird  j  and  from  this  period  we  must  date  the  com- 
mencement of  bis  mathematical  labours  ;  or,  perhaps,  the 
communication  of  tbem  to  the  public.  What  he  had  done 
in  this  line  was  merely  an  occasional  application  for  his 
own  amusement,  or  for  the  exercise  and  improvement  of 
his  leisure  hours.  But  one  of  those  accidents,  which,  as 
Dr.  Jobnscm  observes,  in  the  Life  of  Cowley,  "  produce 
that  particular  designation  of  mind  and  propensity  for 
some  certain  science,  commonly  called  genius,"  took 
place  upon  ibis  occasion,  and  added  a  powerful  stimulus 
to  bis  native  thirst  for  knowledge  and  for  fame.  His 
wife  was  a  niece  of  a  Dr.  Johnson,  rector  of  Uurwortb, 
vicar  of  Mansfield,  in  the  county  of  York,  and  a  preben- 
dary of  Durbam,  a  man  very  eminent  in  bis  time  for  his 
skill  in  surgery,  and  who  by  a  very  extensive  and  suc- 
cessful practice  in  tbis  profession,  together  witb  the 
emoluments  arising  from  bis  livings,  bad  accumulated  a 
very  considerable  rortune.  Dr.  Johnson  had  promised 
to  give  bis  niece,  who  lived  with  bim,  five  hundred 
pounds  for  ber  marriage  portion.  Some  time  after  the 
marriage,  Mr.  Emerson  took  an  opportunity  to  mention 
this  matter  to  tbe  Doctor,  and  to  remind  him  of  his  pro- 
mise. Tbe  Doctor  did  not  recollect,  or  did  not  choose 
to  recollect,  any  thing  of  it,  but  treated  our  young  ma^ 
thematician  wiUi  some  contempt,  as  a  person  of  no  con- 
sequence, and  beneath  bis  notice.  The  pecuniary  disap- 
pointment, Emerson  (who  bad  as  independent  a  spirit  as 
any  man,  and  whose  patrimony,  though  not  large,  was 
equal  to  all  bis  wants)  would  easily  have  surmounted, 
but  tbis  contemptuous  treatment  stung  bim  to  tbe  very 
soul.  He  immediately  went  borne,  packed  up  bis  wife  s 
clotbes,  and  sent  tbem  o£f  to  tbe  Doctor,  saying,  be  would 
scorn  to  be  bebolden  to  sucb  a  fellow  for  a  single  rag ; 
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and  swearing,  at  the  same  time,  that  he  wtmtd  be 
venged,  and  prove  himself  to  be  the  better  man  of  th 
two.  His  plan  of  revenge  was  truly  noble  and  laudable. 
He  was  resolved  to  demonstrate  to  hia  uucourteous 
uncle,  and  to  the  world,  that  he  was  not  to  be  rated  as 
an  insignificant  or  ignorant  person }  and  that  the  con- 
tempt and  indignity  with  which  he  had  been  treated, 
werti  much  misplaced,  and  very  unmerited  ;  and,  in  order 
to  demonstrate  this,  he  determined  to  labour  till  he  be* 
came  one  of  the  first  mathematicians  of  the  age. 

He  had  received  from  nature  a  strong  and  vigorous 
mind,  and  had  acc^uired  a  just  relish  for  the  beauties  of 
mathematical  science,  and  an  ardent  love  of  truth  *  he 
was,  at  the  same  time,  stimulated  with  ;in  eager  desire  of 
diatingiiishing  himself  froni  the  illiterate  crowd  of  mor- 
tals 3  the  effects  of  his  labour,  influenced  by  such  motives, 
and  directed  by  such  abilities,  could  not,  therefore,  be  but 
great.  He  made  himself  a  perfect  master  of  the  whole 
circle  of  the  mathematics  ;  and,  after  having  carefully 
planned  and  digested,  revised  and  completed  the  work  to 
his  own  satisfaction,  he  published,  in  the  forty-second 
year  of  his  age,  his  book  of  Fluxions  ;  and  at  his  first  ap- 
pearance in  the  world  as  an  author,  stepped  forth  like  a 
giant  in  all  his  might,  and  justly  claimed  a  place  amongst 
mathematicians  of  the  very  first  rank.  Ey  the  strictly 
scientific  manner  in  which  be  established  the  principles, 
and  demonstrated  the  truth,  of  the  method  of  fluxions  in 
this  work,  he  added  another  firm  aad  durable  support  to 
the  noble  edifice  of  the  Newtonian  Philosophy,  which,  by 
some  less  accurate  and  penetrating  observers,  was  sup- 
posed to  have  received  a  violent  and  dangerous  coneus* 
sion  from  the  metaphysical  artillery  of  the  Annl^^t^  and 
the  cavils  and  objections  advanced  against  the  truth 
of  the  fiuxionary  method. 

Having  thus  secured  his  mathematical  fame  upon  a 
firm  and  solid  basis*  he  continued,  from  time  to  time, 
to  favour  and  instruct  the  public  with  other  most 
valuable  pubhcationa  upon  the  several  branches  of  the 
mathematics.  These  appeared  in  the  order  in  which 
they  stand  arranged  below,  with  the  year  of  their  publica- 
tion, and  the  date  of  the  author's  life  at  the  timc^ 
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YeaBS.  iETAT. 

1743  . .  42   Fluxions,  8vo. 

1749  . .  48   Projections  of  the  Sphere,  and  FJements  of 
Trigonometry,  8vo. 

1754  . .  53   Mechanics,  4to. 

1755  . .  54   NaTigation,  12mo. 

1763  ..  62   Arithmetic,  Geometry,  8n). 

Method  of  Increment,  4to. 

1764  . .  63   Algebra,  8vo. 

1767  66   Arithmetic  of  Infinites  and  Conic  Sections,  8to. 

1768  . .  67   Elements  of  Optics  and  Perspective,  8to. 

1769  . .  68   Astronomy,  Mechanics,  Centripetal  and  Cen- 

trifugal Forces,  8to. 
1770..  69   Mathematical  Principles  of  Geography,  Navi- 
gation, and  Dialling ;  Comment  on  the  Prin- 
cipia,  with  the  Defence  of  Newton ;  Tracts, 
8to. 

1776  . .  75   Miscellanies,  8to.,  which  was  his  last  work. 

Several  of  the  above  works  have  gone  through  new 
editions,  which  have  been  improved  and  augmented  by 
the  Author,  and  were  mostly  published  by  F.  Wingrave, 
in  the  S.trand,  bookseller. 

The  above  works,  many  of  them  allowed  to  be  the 
best  extant  upon  the  subject  of  which  they  treat,  will 
BtUl  remain  a  lasting  monument  of  Mr.  Emerson's  genius, 
penetration,  and  industry,  to  the  latest  times  and  ren- 
der any  further  eulogium  of  their  Author,  as  a  man  of 
science,  totally  unnecessary. 

His  first  publication,  however,  did  not  meet  with  im- 
mediate encouragement ;  so  that  it  is  probable  the  rest 
would  never  have  appeared,  or,  at  least,  not  in  the  Author  s 
life-time,  had  he  not,  about  the  year  1763,  been  recom- 
mended by  his  great  admirer,  and  friend,  the  late  Ed- 
ward Montague,  £sq.  to  Mr.  John  Nourse,  bookseller,  in 
London,  who  was  himself  an  eminent  mathematician,  and 
well  skilled  in  the  Newtonian  Philosophy,  having  had  an 
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and  swearing,  at  ttie  same  time,  that  he  would  be  re- 
venged t  find  prove  himself  to  be  the  better  man  of  the 
two.  His  plan  of  revenge  was  truly  noble  and  laudable. 
He  was  resolved  to  demonstrate  to  his  imcourteous 
uncle,  and  to  the  vt  orld,  that  he  was  not  to  be  rated  as 
an  insignificant  or  ignorant  person ;  and  that  the  con- 
tempt and  indignity  with  which  he  had  been  treated, 
werf  much  misplaced^  and  very  umucrited  j  and,  in  order 
to  deLiionstratc  this^  he  determined  to  labour  tiU  he  be- 
came one  of  the  first  mathematicians  of  the  age. 

He  hiul  received  from  nature  a  strong  and  vigorous 
mind^  and  had  acquired  a  jtist  relish  for  the  beauties  of 
mathematical  science,  and  an  ardent  love  of  truth  |  he 
was,  at  the  same  time,  stimulated  with  an  eager  desire  of 
distinguishing  himself  from  the  illiterate  crowd  of  mor- 
tals J  the  effects  of  his  labour,  influenced  by  such  motives, 
and  directed  by  such  abilities,  could  not,  therefore,  be  but 
great.  He  made  himself  a  perfect  master  of  the  whole 
circle  of  the  mathematics  and.,  after  having  carefully 
plaimed  and  digested^  revised  and  completed  the  work  to 
his  own  satis  faction  j  he  published,  in  the  forty-second 
year  of  hts  age,  his  book  of  Flujrions  i  aod  at  his  first  ap- 
pearance in  the  worhl  as  an  author^  stepped  forth  like  a 
giant  in  all  his  might,  and  justly  claimed  a  place  amongst 
mathematicians*  of  the  very  first  rank.  By  the  strictly 
scientific  manner  in  which  he  established  the  principles, 
and  demonstrated  the  truth,  of  the  method  of  fluxions  in 
this  workt  he  added  aiKither  firm  and  durable  support  to 
the  noble  edifice  of  the  Newtonian  Philosophy,  which,  by 
some  less  accurate  and  penet rating  observers,  was  sup'^ 
posed  to  have  received  a  violent  and  dangerous  concus- 
sion from  the  metaphysical  artillery  of  the  Jnnl^&t,  and 
the  cavils  and  objections  advanced  against  the  truth 
of  the  fluxionary  method. 

Having  thus  secured  his  mathematical  fame  upon  a 
firm  and  solid  basis.,  he  continued,  from  time  to  time, 
to  favour  and  instruct  the  public  with  other  most 
valuable  publications  upon  the  several  branches  of  the 
mathematics.  These  appeared  in  the  order  in  which 
tbev  stand  arranged  below,  with  the  year  of  their  publica- 
the  date  of  the  author's  life  at  the  time. 
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YeaU.  iETAT. 

1743 

f  iiaiousy  ovu.  , 

1749 

x^nijeciioas  oi  im  spnerey  wia  r«i6incnis  of 

Trigonometry  y '  8  vo. 

1754 

lUCCIUIIlllSly  4Wa 

llttTlgHIlOny  l<6lIIO> 

A  tfif  limA^M         niMMimtam    ft  in. 

ivnumieuCy  vrauumrjy  oro. 

1764 

63 

1767 

66 

IrOo  ■  • 

Of 

i!4cnicpn  OI  v/piics  aua  x^crspecuTey  ovo. 

1769 

68 

trifogal  Forces,  8to. 

1770 

69 

Mathematical  Principles  of  Geography,  Navi- 

gation, and  Dialling ;  Conmient  on  the  Prin- 

cipia,  with  the  Defence  of  Newton ;  Tracts, 

8to. 

1776  .. 

75 

Miscellanies,  8to.,  which  was  his  last  work. 

Several  of  the  above  works  have  gone  through  new 
editions,  which  have  been  improved  and  augmented  by 
the  Author,  and  were  mostly  published  by  F.  Wingrave, 
in  the  S.trand,  bookseller. 

The  above  works,  many  of  them  allowed  tu  be  the 
best  extant  upon  the  subject  of  which  they  treat,  will 
stUl  remain  a  lasting  monument  of  Mr.  Emerson's  genius, 
penetration,  and  industry,  to  the  latest  times  and  ren- 
der any  further  eulogium  of  their  Author,  as  a  man  of 
science,  totally  unnecessary. 

His  first  publication,  however,  did  not  meet  with  im- 
mediate encouragement ;  so  that  it  is  probable  the  rest 
would  never  have  appeared,  or,  at  least,  not  in  the  Author  s 
life-time,  had  he  not,  about  the  year  1763,  been  recom- 
mended by  his  great  admirer,  and  friend,  the  late  Ed- 
ward Montague,  Esq.  to  Mr.  John  Nourse,  bookseller,  in 
London,  who  was  himself  an  eminent  mathematician,  and 
well  skflled  in  the  Newtonian  Philosophy,  having  had  an 
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THE  EDITOR'S  PREFACE. 


In  commencing  this  series  of  popular  and  standaid 
works  on  the  diflferent  branches  of  science  that  are  more 
expressly  applicable  to  the*  purposes  of  the  Mechanic,  k 
will  naturally  be  expected  that  something  further  than  a 
reprint  will  be  given,  from  the  advanced  state  of  science^ 
and  the  many  improvements  of  late  years  eflteted, 
both  by  the  writings  of  men  of  genius,  and  the  prac- 
tical example  of  those  whose  occupations  are  more 
directed  to  what  is  of  real  benefit  to  mankind— the  im- 
provement of  our  manufactures, — than  to  speculations 
of  the  learned.  Many  obstacles  have  presented  them* 
selves,  as  regards  the  form  of  language,  and  the  adapta- 
tion of  style,  to  meet  the  wishes  of  all  readers.  Men 
of  science  are,  in  general,  too  fond  of  technological 
obscurity,  and  what  is  written  in  a  funiliar  and  plain 
way  is  apt  to  draw  down  their  censure;  but,  as  the 
present  work  is  more  particularly  intended  for  the  pern* 
sal  of  the  Artisan,  I  have  endeavoured  to  gratify  both 
the  Student  and  the  practical  Mechanic,  by  a  careful 
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reviBian  of  the  worka  themselves  i  and  where  I  have 
thau^ht  any  thing  was  wanting  in  clearneaa,  or  any  sub- 
ject that  required  familiar  langTJa^e  to  make  it  generally 
understoadj  I  have  preferred  the  method  of  supplying 
their  defects  by  an  Appendix,  rather  than  that  of  altering 
the  text  of  the  original.  How  far  I  have  been  success- 
fiU,  wUl  not  be  for  me  to  decide  ^  hut  1  can,  with  safety^ 
sayj  that  my  endeavours  have  been  directed  to  the  elti- 
cidation  of  subjects  which  appeared  not  sufficiently 
expluiaed  *,  and  to  place,  in  as  clear  a  light  as  poEsiblej  i 
every  Proposition  that  presented  itself.  Some  new 
matter  hasj  also,  been  added,  in  order  to  render  the 
work  as  complete  as  possible. 

It  will,  I  trust,  be  thought  not  too  much  if  I  add, 
that,  independent  of  the  great  care  that  has  been  taken 
to   correct  any  typographical  errors,  the  corrections 
of  the  engravings  and  diagrams  have  been  much  im-  ; 
proved  Irora  those  of  the  original  works.    Indeed,  our  ' 
present  specimen,  both  of  typography  and  perspective 
drawing  in  the  plates,  will,  at  least,  shield  us  from  cen- 
sure, if  not  gain  some  meed  of  praise,  for  the  pains  that 
have  been  taken  to  make  the  work  worthy  of  a  place  < 
in  the  library  of  the  man  of  science  as  well  as  the 
mechanic.    This  first  volume  of  the  series  thus  presents 
itself,  not  as  aiming  at  originality,  but  as  an  attempt  to  \ 
perpetuate  the  writings  of  a  man  who,  for  general  1 
mathematical  know^ledgc,  stands,  I  may  Sciy,  unrivalled  5  *\ 
and  to  bring  into  more  general  notice  the  theory  of  that  ; 
art  by  which  our  wants,  as  well  as  our  luxuries,  are  | 
gratified  j  and  by  which  the  prosperity  of  the  nation,  ) 
and  the  comfort  and  happiness  of  individuals,  is  insured,  ] 
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Should  the  present  work  be  thought  worthy  of  p^- 
tronage^  it  is  my  intention  to  continue  the  series,  by  a 
careM  selection  from  other  authors  of  acknowledged 
merit,  who  have  written  on  the  other  branches  of 
8ciaice>  and  to  include  all  those  anywise  connected  with 
the  business  of  the  Mechanic,  such  as  Geometry,  Per^ 
spective.  Algebra,  &c. ;  and  I  shall  endeavour,  in  the 
same  manner,  to  illustrate  them  by  an  Appendix,  using 
as  familiar  language  as  the  subject  will  admit  of,  and 
noticing  such  new  improvements  as  may  have  been 
added  since  the  original  publication  i  thus  endeavouring 
to  blend,  as  it  were,  together  the  various  discoveries  of 
the  modems  with  the  original  works  of  those  who  have 
preceded  them. 

I  shall  here  take  my  leave  ;  trusting  that  no  material 
error  will  be  found :  and,  as  I  cannot  claim  any  merit  in 
the  production,  I  hope  I  shall  not  incur  censure,  but 
that  the  indulgent  reader  will  peruse  this  with  the 
same  spirit  in  which  I  have  written,  that  of  endeavour- 
ing to  apply  to  some  useful  purpose  the  talents  which 
are  entrusted  to  us. 

G*  A.  S. 
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MEMOIRS  OF  MR.  EMERSON; 

WITH  SOME  ACCOUNT  OF  HIS  WBITING8. 


In  giving  some  account  of  the  Life  and  Writings  of 
this  eccentric  man,  though  excellent  mathematician,  it  is 
but  justice  to  own,  I  am  more  indebted  to  what  has 
been  mentioned  by  others,  than  to  any  information  I  have 
been  able  to  collect  in  the  vicinity  of  his  place  of  usual 
residence,  as  it  is  now  between  forty  and  fifty  years  since 
his  decease ;  I  shall,  therefore,  ava^  myself  of  the  infor- 
mation given  by  the  Rev.  W.  Bowe  of  Scorton,  near 
Catterick,  Yorkshire,  in  his  account  of  the  Life  of  William 
Emerson,  and  endeavour  to  supply  some  omissions,  and 
venture  some  remarks  on  his  writings,  not  given  by  him. 

Mr..Bowe  commences  with  remarking,  that,  for  the  last 
three  or  four  years  of  our  Author  s  life,  he  was  on  terms 
of  intimacy  with  him,  and,  therefore,  had  many  oppor- 
tunities of  hearing  from  his  own  mouth  accounts  of  cir- 
cumstances which  had  taken  place  at  former  periods  of 
his  life^  as  well  as  giaining  information  from  those  who 
knew  him  many  years :  he  commences  his  narrative  by 
remarking,  that  Mr.  Dudley  Emerson,  of  Hurworth,  near 
Darlington,  in  the  county  of  Durham,  had  two  sons, 
William,  the  elder,  and  Dudley,  who  died  whilst  he  was 
young ;  William,  who  afterwards  lived  to  become  so  emi- 
nent a  mathematician,  was  bom  at  Hurworth,  in  the  year 
1701,  and  appears,  by  the  parish  register,  to  have  been 
baptized  thereon  the  10th  of  June  in  that  year. 
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THE  EDITOR'S  PREFACE. 


In  commencing  this  series  of  popular  and  standard 
works  on  the  different  branches  of  science  that  are  more 
expressly  applicable  to  the*  purposes  of  the  Mechanic,  it 
will  naturally  be  expected  that  something  further  than  a 
reprint  will  be  given,  from  the  advanced  state  of  science, 
and  the  many  improvements  of  late  years  eifiscted, 
both  by  the  writings  of  men  of  genius,  and  the  prac* 
tioal  example  of  those  whose  occupations  are  more 
directed  to  what  is  of  real  benefit  to  mankindr-the  im- 
provement of  our  manu^tures, — ^than  to  speciilations 
of  the  learned.  Many  obstacles  have  presented  them- 
selves,  as  regards  the  fo]rm  of  language,  and  the  adapta* 
tion  of  style,  to  meet  the  wishes  of  all  readers.  Men 
of  science  are,  in  general,  too  fond  of  technological 
obscurity,  and  what  is  written  in  a  familiar  and  jdam 
way  is  apt  to  draw  down  their  censure  5  but,  as  the 
present  work  is  more  particularly  intended  for  the  pern* 
sal  of  the  Artisan,  I  have  endeavoured  to  gratify  both 
the  Student  and  the  practical  Mechanic,  by  a  careful 
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In  commencing  this  series  of  popular  and  standard 
works  on  the  different  branches  of  science  that  are  more 
expressly  applicable  to  the*  purposes  of  the  Mechanic,  it 
will  naturally  be  expected  that  something  further  than  a 
reprint  will  be  given,  firom  the  advanced  state  of  science, 
and  the  many  improvements  of  late  years  effected, 
both  by  the  writings  of  men  of  genius,  and  the  prac* 
tical  example  of  those  whose  occupations  are  more 
directed  to  what  is  of  real  benefit  to  mankind«»-the  im- 
provement of  our  manu^tures, — ^than  to  speculations 
of  the  learned.  Many  obstacles  have  presented  them- 
selves,  as  regards  the  fo]rm  of  language,  and  the  adapta* 
tion  of  style,  to  meet  the  wishes  of  all  readers.  Men 
of  science  are,  in  general,  too  fond  of  technological 
obscurity,  and  what  is  written  in  a  familiar  and  jdam 
way  is  apt  to  draw  down  their  censure}  but,  as  the 
present  work  is  more  particularly  intended  for  the  pen»* 
sal  of  the  Artisan,  I  have  endeavoured  to  gratify  both 
the  Student  apd  the  practical  Mechanic,  by  a  careful 
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In  commencing  this  series  of  popular  and  standard 
works  on  the  different  branches  of  science  that  are  more 
expressly  applicable  to  the*  purposes  of  the  Mechanic*  it 
will  naturally  be  expected  that  something  further  than  a 
reprint  will  be  given,  from  the  advanced  state  of  science* 
and  the  many  improvements  of  late  years  effscted* 
both  by  the  writings  of  men  of  genius,  and  the  prac- 
tical example  of  those  whose  occupations  are  more 
directed  to  what  is  of  real  benefit  to  mankind~-the  im- 
provement of  our  manu£u;tures, — ^than  to  speculations 
of  the  learned.  Many  obstacles  have  presented  them- 
selves, as  regards  the  form  of  language,  and  the  adapta- 
tion of  style,  to  meet  the  wishes  of  all  readers.  Men 
of  science  are,  in  general,  too  fond  of  technological 
obscurity,  and  what  is  written  in  a  feuniliar  and  plain 
way  is  apt  to  draw  down  their  censure  j  but,  as  the 
present  work  is  more  particularly  intended  for  the  pern* 
sal  of  the  Artisan,  I  have  endeavoiured  to  gratify  both 
the  Student  and  the  practical  Mechanic,  by  a  careful 
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THE  EDITOR'S  PREFACE. 


In  commencing  this  series  of  popular  and  standard 
works  on  the  different  branches  of  science  that  are  more 
expressly  applicable  to  the*  purposes  of  the  Mechanic^  k 
will  naturally  be  expected  that  something  further  than  a 
reprint  will  be  given^  from  the  advanced  state  of  science^ 
and  the  many  improvements  of  late  years  effscted* 
both  by  the  writings  of  men  of  genius,  and  the  prac- 
tical example  of  those  whose  occupations  are  more 
directed  to  what  is  of  real  benefit  to  mankind-«-the  im- 
provement of  our  manu£u;tures, — ^than  to  speculations 
of  the  learned.  Many  obstacles  have  presented  them- 
selves, as  regards  the  form  of  language,  and  the  adapta- 
tion of  style,  to  meet  the  wishes  of  all  readers.  Men 
of  science  are,  in  general,  too  fond  of  technological 
obscurity,  and  what  is  written  in  a  familiar  and  plain 
way  is  apt  to  draw  down  their  censure  j  but,  as  the 
present  work  is  more  particularly  intended  for  the  pern* 
sal  of  the  Artisan,  I  have  endeavoiured  to  gratify  both 
the  Student  and  the  practical  Mechanic,  by  a  careful 
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revisioti  of  the  workg  themselves  ;  and  where  I  have 
thought  any  thing  was  wanting  in  clearneaSj  or  any  sub- 
ject that  required  familiar  language  to  make  it  generally 
understood,  I  have  preferred  tht  method  of  supplying 
their  defects  by  an  Appendix,  rather  than  that  of  altering 
the  text  of  the  original.  How  far  1  have  been  success- 
ful, will  not  be  for  me  to  decide  j  but  I  can^  with  safety, 
Bay,  that  my  endeavours  have  been  directed  to  the  elu- 
cidation of  subjects  which  appeared  not  sufficiently 
explained  j  and  to  place,  in  as  clear  a  light  as  poisible, 
every  Proposition  that  presented  itself*  Some  new 
matter  has^  also,  been  added,  in  order  to  reader  the 
work  as  complete  as  possible* 

It  will  J  I  trust,  be  thought  not  too  much  if  I  add, 
that,  independent  of  the  great  care  that  has  been  taken 
to  correct  any  typographical  errors,  the  corrections 
of  the  engravings  and  diagrams  have  been  much  im- 
proved from  those  of  the  original  works.  Indeed,  our 
present  specimen,  both  of  typography  and  perspective 
drawing  in  the  plate Sj  will,  at  least,  shield  us  from  cen- 
sure^ if  not  gain  some  meed  of  praise,  for  the  pains  that 
have  been  taken  to  make  the  work  worthy  of  a  place 
in  the  library  of  the  man  of  science  as  well  as  the 
mechanic.  This  first  volume  of  the  series  thus  presents 
itself,  not  as  aiming  at  originality,  but  as  an  attempt  to 
perpetuate  the  writings  of  a  man  who,  for  general 
mathematical  knowledge,  stands,  I  may  say,  unrivalled  ; 
and  to  bring-  into  more  general  notice  the  theory  of  that 
art  by  which  our  wants,  as  well  as  our  luxuries,  arc 
gratified)  and  by  which  the  prosperity  of  the  nation^ 
and  the  comfort  and  happiness  of  individuals^  is  insured. 
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Should  the  present  work  be  thought  worthy  of  pa- 
titmage,  it  is  my  intention  to  continue  the  series,  by  a 
careM  selection  from  other  authors  of  acknowledged 
merit,  who  have  written  on  the  other  branches  of 
science^  and  to  include  all  those  anywise  connected  with 
the  business  of  the  Mechanic,  such  as  Geometry,  Per- 
spective, Algebra,  &c. ;  and  I  shall  endeavour,  in  the 
saioQe  manner,  to  illustrate  them  by  an  Appendix,  using 
as  familiar  language  as  the  subject  will  admit  of,  and 
noticing  such  new  improvements  as  may  have  been 
added  since  the  original  publication ;  thus  endeavouring 
to  blend,  as  it  were,  together  the  various  discoveries  of 
the  modems  with  the  original  works  of  those  who  have 
preceded  them. 

I  shall  here  take  my  leave ;  trusting  that  no  material 
error  will  be  found :  and,  as  I  cannot  claim  any  merit  in 
the  production,  I  hope  I  shall  not  incur  censure,  bat 
that  the  indulgent  reader  will  peruse  this  with  the 
same  spirit  in  which  I  have  written,  that  of  endeavour- 
mg  to  apply  to  some  useful  purpose  the  talents  which 
are  entrusted  to  us. 

G.  A.  S. 


.  .      I   ^  t       ,  ,  . 

i 


MEMOIRS  OF  MR.  EMERSON; 

WITH  SOME  ACCOUNT  OF  HIS  WRITINGS. 


In  gMag  some  account  of  the  Life  and  Writings  of 
this  eccentric  man,  though  excellent  mathematician,  it  is 
Imt  justice  to  own,  I  am  more  indebted  to  what  has 
been  mentioned  by  others,  than  to  any  information  I  have 
been  able  to  collect  in  the  vicinity  m  his  place  of  usual 
residence,  as  it  is  now  between  forty  and  fifty  years  since 
his  decease  I  shall,  therefore,  ayaol  myself  of  the  infor- 
mation given  by  the  Rev.  W.  Bowe  of  Scorton,  near 
Catterick,  Yorkshire,  in  his  account  of  the  Life  of  William 
Emersotk,  and  endeavour  to  supply  some  omissions,  and 
venture  some  remarks  on  his  writings,  not  given  by  him. 

Mr.,^we  commences  with  remarking,  that,  for  the  last 
three  or  four  years  of  our  Author  s  life,  he  was  on  terms 
of  intimacy  with  him,  and,  therefore,  had  many  oppor- 
tunities of  hearing  from  his  own  mouth  accounts  of  cir- 
cumstances which  had  taken  place  at  former  periods  of 
his  life^  as  well  as  gieiining  information  from  those  who 
knew  him  many  years :  he  commences  his  narrative  by 
remarking,  that  Mr.  Dudley  Emerson,  of  Hurworth,  near 
Darlington,  in  the  county  of  Durham,  had  two  sons, 
William,  the  elder,  and  Dudley,  who  died  whilst  he  was 
young ;  William,  who  afterwards  lived  to  become  so  emi- 
nent a  mathematician,  was  bom  at  Hurworth,  in  the  year 
1701,  and  appears,  by  the  parish  register,  to  have  been 
baptized  thereon  the  10th  of  June  in  that  year. 
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THE  EDITOR'S  PREFACE. 


In  commencing  this  series  of  popular  and  standaid 
works  on  the  di£ferent  branches  of  science  that  are  more 
expressly  applicable  to  the*  purposes  of  the  Mechanic,  k 
will  naturally  be  expected  that  something  further  than  a 
reprint  will  be  given,  from  the  advanced  state  of  science, 
and  the  many  improvements  of  late  years  eii^ted, 
both  by  the  writings  of  men  of  genius,  and  the  prac- 
tical example  of  those  whose  occupations  are  more 
directed  to  what  is  of  real  benefit  to  mankindr-the  im- 
provement of  our  manufactures, — than  to  speculationf 
oi  the  learned.  Many  obstacles  have  presented  them- 
selves, as  regards  the  form  of  language,  and  the  adaptar 
tion  of  style,  to  meet  the  wishes  of  all  readers.  Men 
of  science  are,  in  general,  too  fond  of  technological 
obscurity,  and  what  is  written  in  a  familiar  and  phiia 
way  is  apt  to  draw  down  their  censure  3  but,  as  the 
present  work  is  more  particularly  intended  for  the  pent* 
sal  of  the  Artisan,  I  have  endeavoiired  to  gratify  both 
the  Student  and  the  practical  Mechanic,  by  a  carefid 
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revision  of  the  works  themselves  j  and  where  I  have 
thought  any  thing  was  wanting  in  clearness,  or  any  sub- 
ject that  required  familiar  langTiage  to  make  it  generally 
understood,  I  have  preferred  the  method  of  supplying 
their  defects  by  an  Appendix,  rather  than  that  of  altering 
the  text  of  the  onginaL  How  far  I  have  been  success- 
ful^ will  not  be  for  me  to  decide  5  but  1  can,  with  safety, 
say,  that  my  endeavours  have  been  directed  to  the  elu- 
cidation of  subjects  which  appeared  not  sufficiently 
explained  *  and  to  place,  in  as  clear  a  light  ag  possible, 
every  Proposition  that  presented  itself*  Some  new 
matter  has,  also,  been  added,  in  order  to  render  the 
work  as  complete  as  possible. 

It  will,  I  trust,  be  thought  not  too  much  if  I  add, 
that,  independent  of  the  great  care  that  has  been  taken 
to  correct  any  typographical  errors^  the  corrections 
of  the  engravings  and  diagrams  have  been  much  im- 
proved from  those  of  the  original  works*  Indeed,  our 
present  specimen,  both  of  typography  and  perspective 
drawing  in  the  plateSj  will,  at  least,  shield  us  from  cen- 
sure, if  not  gain  some  meed  of  praise,  for  the  pains  that 
have  been  taken  to  make  the  work  worthy  of  a  place 
in  the  library  of  the  man  of  science  as  well  as  the 
mechanic.  This  first  volume  of  the  series  thus  presents 
itself,  not  as  aiming  at  originality,  but  as  an  attempt  to 
perpetuate  the  writings  of  a  man  whoj  for  general 
mathematical  knowledge,  stands,  I  may  say,  unrivalled  j 
and  to  bring  into  more  general  notice  the  theory  of  that 
art  by  which  our  wants,  as  well  as  our  luxuries,  are 
gratified }  and  by  which  the  prosperity  of  the  nation, 
and  the  comfort  and  happiness  of  individuals^  is  insured. 
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Should  the  present  work  be  thought  worthy  of  pa- 
tronage^  it  is  my  intention  to  continue  the  series,  by  a 
carefid  selection  from  other  authors  of  acknowledged 
merit,  who  have  written  on  the  other  branches  of 
science^  and  to  include  all  those  anywise  connected  with 
the  business  of  the  Mechanic,  such  as  Geometry,  Per- 
spective, Algebra,  &c.  3  and  I  shall  endeavour,  in  the 
same  manner,  to  illustrate  them  by  an  Appendix,  using 
as  familiar  language  as  the  subject  will  admit  of,  and 
noticing  such  new  improvements  as  may  have  been 
added  since  the  original  publication  3  thus  endeavouring 
to  blend,  as  it  were,  together  the  various  discoveries  of 
the  modems  with  the  original  works  of  those  who  have 
preceded  them. 

I  shall  here  take  my  leave  3  trusting  that  no  material 
error  will  be  found :  and,  as  I  cannot  claim  any  merit  in 
the  production,  I  hope  I  shall  not  incur  censure,  but 
that  the  indulgent  reader  will  peruse  this  with  the 
same  spirit  in  which  I  have  written,  that  of  endeavour- 
mg  to  apply  to  some  useful  purpose  the  talents  which 
are  entrusted  to  us. 

G.  A.  S. 
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MEMOIRS  OF  MR.  EMERSON; 

WITH  SOUS  ACCOUNT  OP  HIS  WRITINGS. 


In  giving  some  account  of  the  Life  and  Writings  of 
this  eccentric  man^  though  excellent  mathematician,  it  is 
but  justice  to  own,  I  am  more  indebted  to  what  has 
been  mentioned  by  others,  than  to  any  information  I  have 
been  able  to  collect  in  the  vicinity  of  bis  place  of  usual 
residence,  as  it  is  now  between  forty  and  fifty  years  since 
his  decease ;  I  shall,  therefore,  avail  myself  of  the  infor- 
mation given  by  the  Rev.  W.  Bowe  of  Scorton,  near 
Catterick,  Yorkshire,  in  his  account  of  the  Life  of  William 
EmersOb,  and  endeavour  to  supply  some  omissions,  and 
venture  some  remarks  on  his  writings,  not  given  by  him. 

Mr.  JSowe  commences  with  remarEing,  that,  for  the  last 
three  or  four  years  of  our  Author  s  life,  he  was  on  terms 
of  intimacy  with  him,  and,  therefore,  had  many  oppor- 
tunities of  hearing  from  his  own  mouth  accounts  of  cir- 
cumstances which  had  taken  place  at  former  periods  of 
his  life^  as  well  as  giaining  information  from  those  who 
knew  him  many  years :  he  commences  his  narrative  by 
remarking,  that  Mr.  Dudley  Emerson,  of  Hurworth,  near 
Darlington,  in  the  county  of  Durham,  had  two  sons, 
William,  the  elder,  and  Dudley,  who  died  whilst  he  was 
young  'f  William,  who  afterwards  lived  to  become  so  emi- 
nent a  mathematician,  was  bom  at  Hurworth,  in  the  year 
1701,  and  appears,  by  the  parish  register,  to  have  been 
baptized  thereon  the  10th  of  June  in  that  year. 
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"  In  a  vacant  leaf  of  an  old  prayer-book^  in  which 
Dudley  Emerson,  the  father  of  our  Author,  had  register- 
etl  liis  marriage^  and  the  births  of  several  of  his  children, 
it  is  written,  William  Emerson  was  born  on  Wednes- 
day, May  14th,  at  one  o'clock  in  the  morning  and  forty 
minutesj  and  baptized  June  10th,  I7OI." 

Hia  father,  Dudley,  who  was  possessed  of  but  a  small 
estate,  at  that  time,  taiig-ht  a  school,  and  seenas  to  have 
thought  himself  of  some  little  consequence  in  the  world, 
for  there  is  a  paper  written  by  himself,  containing  what 
he  caUs  an  account  of  the  principal  transactions  or 
events  of  his  life*    Among  these  mentorabilia,  relating, 
chiefly,  t6  his  movements  from  one  place  to  another,  is 
observed  nothing  respecting  the  birth  or  education  of 
his  son  WiEiam,  which  he  did  not  foresee  would  be  the 
only  circumstances,  or  events  of  any  importanccj  in  his 
life,  that  might  possibly  rescue  his  name  from  oblivion. 
Our  author, William  Emerson,  it  appears,  received  his  edu- 
cation principally  from  his  father  ^ — reading,  writing  and 
arithmetic  J  and  a  little  Ijatin,  perhaps,  as  far  as  Corderii, 
or  Beza's  Latin  Testammt  i  but  that  he  afterwards  receiv- 
ed some  assistance  ^om  a  young  gentleman,  then  Curate 
of  Harworth,  in  the  learned  languages,  and  who,  at  that 
time,  boarded  in  his  lather's  house.    It  does  not  appear, 
however,  that  he  made  any  considerable  progress,  or  was 
much  attached  to  his  books  whOst  a  boy^,  or  e%.hibit- 
ed  any  symptoms  of  those  superior  faculties,  which  he 
afterwards  exerted  with  so  much  energy.     Indeed,  so 
careless  and  inattentive  to  learning  was  he,  at  this  pe- 
riod, that  he  has  been  heard  to  say,  that  till  he  was 
nearly  twenty  years  of  age,  his  principle  and  favourite 
employment,  for  one  season  of  the  year,  was  that  of  seek* 
ing  birds'  nests.  But  his  attachments  to  childish  amuse- 
ments having  passed  away,  he  began  to  be  sensible  to 
the  charms  and  beauties  of  science.    He  lirst  went  to 
Newcastle,  and  afterwards  to  York,  where  he  applied 
himself  with  considerable  attention  and  diligence  to  the 
study  of  the  mathematics,  under  the  direction  of  school- 
masters j  and  of  whom  he  used  to  speak  with  much  re- 
spect, in  the  latter  part  of  bis  life.    He  used  to  say,  too, 
that  his  father  was  a  tolerable  mathematician  ^  ami  with- 
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out  his  books  and  instructions,  perhaps,  his  own  genius 
(most  eminently  fitted  for  maUiematical  disquisitions) 
would  never  have  .been  unfolded. 

After  his  return  from  school  at  York,  he  resided  prin* 
cipally  at  Hurworth.  where  he  continued  to  pursue  his 
studies  and  amusements,  at  intervals,  until  Uie  time  of 
his  marriage.  In  what  year  of  his  life  this  happened  is 
not  exactly  known,  but  it  was  about  the  thirty-second  or 
thirty-third ;  and  from  this  period  we  must  date  the  com- 
mencemmt  of  his  mathematical  labours  ;  or,  perhaps,  the 
communication  of  them  to  the  public.  What  he  liad  done 
in  this  line  was  merely  an  occasional  application  for  his 
own  amusement,  or  for  the  exercise  and  improvement  of 
his  leisure  hours.  But  one  of  those  accidents,  which,  as 
Dr.  Johnson  observes,  in  the  Life  of  Cowley,  "  produce 
that  particular  designation  of  mind  and  propensity  for 
some  certain  science,  commonly  called  genius,"  took 
place  upon  this  occasion,  and  added  a  powerM  stimulus 
to  his  native  thirst  for  knowledge  and  for  fame.  His 
wife  was  a  niece  of  a  Dr.  Johnson,  rector  of  Uurworth, 
vicar  <^  Mansfield,  in  the  county  of  York,  and  a  preben- 
dary of  Duiiiam,  a  man  very  eminent  in  his  time  for  his 
skill  in  surgery,  and  who  by  a  very  extensive  and  sue* 
cessful  practice  in  this  profession,  together  with  the 
emoluments  arising  from  his  livings,  had  accumulated  a 
very  considerable  fortune.  Dr.  Johnson  had  promised 
to  give  his  niece,  who  lived  with  him,  five  hundred 
pounds  for  her  marriage  portion.  Some  time  after  the 
marriage,  Mr.  Emerson  took  an  opportunity  to  mention 
this  matter  to  the  Doctor,  and  to  remind  him  of  his  pro- 
mise. The  Doctor  did  not  recollect,  or  did  not  choose 
to  recollect,  any  thing  of  it,  but  treated  our  young  ma- 
thematician with  some  contempt,  as  a  person  of  no  con- 
sequence, and  beneath  his  notice.  The  pecuniary  disap- 
pointment, Emerson  (who  had  as  independent  a  spirit  as 
any  man,  and  whose  patrimony,  though  not  large,  was 
equal  to  all  his  wants)  would  easily  have  surmounted, 
but  this  contemptuous  treatment  stung  him  to  the  veiy 
soul.  He  immediately  went  home,  packed  up  his  wife  s 
clothes,  and  sent  them  off  to  the  Doctor,  saying,  he  wovld 
scorn  to  be  beholden  to  such  a  fellow  for  a  single  rag ; 
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and  swearing,  at  the  same  time,  that  he  would  be  re- 
venged, and  pro%^e  himself  to  be  the  better  man  of  the 
two.  His  plan  of  revenge  was  truly  noble  and  laudable. 
He  was  resolved  to  demongtriite  to  his  unconrteous 
uncle,  and  to  the  world,  that  he  was  not  to  be  rated  aa 
an  insignificant  or  ignorant  person }  and  that  the  eon- 
tempt  and  indignity  with  which  he  had  been  treatedi 
were  much  misplaced^  and  very  unmerited  j  and,  in  order 
to  demonstrate  this,  he  determined  to  labour  till  he  be- 
came  one  of  the  first  mathematicians  of  the  age* 

He  hail  received  from  nature  a  strong  and  vigorous 
mind,  and  had  acquired  a  juat  relish  for  the  beauties  of 
mathematical  science,  and  an  ardent  love  of  truth  j  he 
was,  at  the  same  time,  stimulated  with  an  eager  desire  of 
distinguishing  himself  from  the  illiterate  crowd  of  mor- 
tals J  the  effects  of  his  labour,  influenced  by  such  motive  a, 
and  directed  by  such  abilities^  could  not,  therefore,  be  but 
great.  He  made  himself  a  perfect  master  of  the  whole 
circle  of  the  mathematics  ;  and,  after  having  carefully 
planned  and  digested,  revised  and  completed  the  work  to 
his  own  satisfaction,  he  published,  in  the  forty-second 
year  of  his  age,  his  book  of  Fluxiom  ;  and  at  his  first  ap- 
pearance in  the  world  as  an  author,  stepped  fuith  like  a 
giant  in  all  his  mighty  and  justlv  claimed  a  place  amongst 
mathematicians  c>f  the  very  first  rank.  By  the  strictly 
scientific  manner  in  which  he  established  the  principles, 
and  demonstrated  the  truth,  of  the  method  of  Flux^ions  in 
this  worli,  he  added  another  firm  and  durable  support  to 
the  uoble  edifice  of  the  Newtonian  Philosophy,  which,  by 
some  less  accurate  and  penetrating  observers,  was  sup^ 
posed  to  have  received  a  violent  and  dangerous  concus- 
sion from  the  metaphysical  artillery  of  the  Amtl^&t^  and 
the  cavils  and  objections  advanced  against  the  truth 
-of  the  ftujtionary  method. 

Having  thus  secured  his  mathematical  fame  upon  a 
firm  and  solid  basis,  he  continued,  from  time  to  time> 
to  favour  and  instruct  the  public  with  other  most 
valuable  pubhcations  upon  the  several  branches  of  the 
mathematics.  These  appeared  in  the  order  in  which 
they  stand  arranged  below,  with  the  year  of  their  publica- 
tion«  and  the  date  of  the  author's  life  at  the  time. 
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YeAAS.  jfoAT. 

1743 

xnMJUXnMMf  OtU*  ^ 

M  t  Vjf    m  m 

4A 

A  lujecuouf  Of  im  9|Mierey  &oa  rjemcnto  or 

Tngonometiyy '  8vo. 

1754 

53 

iTiWiiiiiiiHaiy  4W* 

1755 

wioai  inn    1'Om/\  ^ 

^/TAtK^wl       Tnniwtiimit  A.tfi 

1764 

63 

1767 

66 

1  f  Oo  •  • 

Of 

Elommti  oi  Optm  suid  PonpcctiTCy  8to. 

*  f  W  Jf  •  • 

wo 

AtttmnAmv   ^^funli nni om    f~^n(nnAtal  anil 

Aaiiuuvuijry  jnecuttiuBBy  x^uinpciu  «nu  \.^n* 

trifbgal  Forces,  8to. 

1770 

69 

Mathematical  Principles  of  Geography,  Navi- 

gadoDy  and  Dialling ;  Comment  on  the  Prin^ 

cipia,  with  the  Defence  of  Newton ;  Tracti, 

8to. 

1776  .. 

75 

Miscellanies,  8to.,  which  was  his  last  work. 

Several  of  the  above  works  have  gone  through  new 
editions,  which  have  been  improved  and  augmented  by 
the  Author,  and  were  mostly  published  by  F.  Wingrave, 
in  the  Strand,  bookseller. 

The  above  works,  many  of  them  allowed  to  be  the 
best  extant  upon  the  subject  of  which  they  treat,  will 
still  remain  a  lasting  monument  of  Mr.  Emerson's  genius, 
penetration,  and  industry,  to  the  latest  times  and  ren- 
der any  further  eulogium  of  their  Author,  as  a  man  of 
science,  totally  unnecessary. 

His  first  publication,  however,  did  not  meet  with  im- 
mediate encouragement  ^  so  that  it  is  probable  the  rest 
would  never  have  appeared,  or,  at  least,  not  in  the  Author  s 
life-time,  had  he  not,  about  the  year  1763,  been  recom- 
mended by  his  great  admirer,  and  friend,  the  late  Ed- 
ward Montague,  Esq.  to  Mr.  John  Noiirse,  bookseller,  in 
London,  who  was  himself  an  eminent  mathematician,  and 
well  skOled  in  the  Newtonian  Philosophy,  having  had  an 
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University  education,  and  been  an  early  associate  with 
the  learned  Doctors  Pcmberton  and  Wilsoa  |  the  one,  tbe 
companion  of  Newton,  and  the  Editor  of  the  best  edition 
of  the  Prmcipia  ;  the  other^  of  Mr.  Rjobina's  Mathematical 
Tracts.  Mr,  Noursc  was  so  highly  sensible  of  Mr, 
Emerson  3  superior  abilitiesi  that  he  engaged  hiin^  on 
very  liberal  termsj  to  furnish  a  regular  Course  of  the 
Mathematics  for  the  use  of  Yonag  Students.  Mr,  Emer- 
son made  a  journey  to  London^  in  the  summer  of  the 
year  1763,  to  settle  and  fulfil  this  agreement.  Even  in 
London,  he  could  not  be  idle  :  besides  correcting  the 
sheets  for  the  press,  (for  be  always  made  the  revisal 
hirnselfj  and  to  "  trust  no  eyes  but  his  own"  was  his  fa- 
vourite maxim,)  he  took  lodgings  at  a  watchmaker  s,  near 
Smith  field,  that  he  might  improve  himself  in  that  branch 
of  knowledge  J  during  his  stay  there* 

Besides  tbe  above  regular  works,  published  in  Mr, 
Emerson  s  own  name,  he  wrote  several  other  fugitive 
pieces,  in  the  Ladies  Diarm^  and  other  periodical  and  mis- 
cellaneous works.  In  the  Ladiei  Dianea,  he  proposed  and 
answered  several  new  questions  under  the  signature 
Merones  ;  an  anagram  of  his  own  name,  containing  all  the 
letters  of  it  transposed  i  tbe  questions  resolved  by  him, 
were  as  follow,  viz.  prize  1736,  questions  193,  19S» 
197  }  prize  1737.  questions  205,  WGj  207,  209,  210,  215, 
217,  231,  223 1  prize  17^1,  questions  226,  229;  prize 
1742,  questions  238,  240 1  and  he  proposed  the  follow* 
ing  new  questions  3 — ^No,  193,  20f>,  and  220  j  see  the 
Ditn^ian  Miscellamjt  which  is  a  republication  of  all  the 
useful  parts  of  the  Ladies*  Dkirks,  by  Dr.  Button.  In  the 
Diaries  J  &c.  Mr,  Emerson  had,  also,  some  warm  contro-* 
versies  with  Wad  son  j  (Mr.  Dawson  of  Sedgbergh,)  and 
other  eminent  mathematicians. 

Mr*  Emerson  also  took  a  part  in  the  Miscellanea  Cti' 
Hosa  Mathematicat  a  work  published  in  quarterly  num- 
bers by  Mr.  Francis  HoEiday,  (his  friend  and  corres^ 
pondent^)  from  the  year  1745  to  17^5^  in  4 to.  In  this 
w*ork  he  resolves  many  questions,  as  before  in  the  Dia- 
ries ]  sometimes  under  the  signature  Meroneiit  and  some- 
times under  the  stiU  more  whimsical  one  of  Fhilqfiuenti* 
mechaualgegeommtrohngo    and,  probablyj  under  sever 
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others.  We  shall  now  take  a  view  of  Mr.  Emerson  in 
his  private  life>  as  a  man,  and  as  a  member  of  society. 

Mr.  Emerson  was,  in  person,  something  below  the 
common  size,  but  firm,  compact,  and  well  made,  very 
active  and  strong.  He  had  a  good,  open,  expressive  coun- 
tenance, with  a  ruddy  complexion,  a  keen  and  penetrat- 
ii^  eye,  and  an  ardour  and  eagerness  of  look  that  was 
very  expressive  of  the  texture  of  his  mind.  His  dress 
was  very  simple  and  plain,  or  what,  by  the  generality  of 
people,  perhaps,  would  have  been  cidled  grotesque  and 
shabby.  A  very  few  hats  served  him  through  the  whole 
course  of  his  lUe,  and  when  he  purchased  one,  (or,  in- 
deed, any  other  article  of  dress),  it  was  a  matter  of  per- 
fect indifference  to  him,  whether  the  form  and  fiuhion 
of  it  was  that  of  the  day,  or  of  half  a  century  before. 
One  of  these  hats,  of  immense  superficies,  had,  in  length 
of  time,  lost  its  elasticity,  and  the  brim  of  it  began  to 
droop  in  snch  a  manner,  as  to  prevent  him  being  able  to 
view  the  objects  before  him  in  a  direct  line.  This  was 
not  to  be  endured  by  an  optician ;  he,  therefore,  took  a 
pair  of  shears,  and  cut  it  round  close  to  the  body  of  the 
hat^  leaving  a  little  to  the  front,  which  he  dexterously 
rounded  into  the  resemblance  of  a  jockey  s  cap.  His 
wigs  were  made  of  brown  or  dirty  flaxen  coloured  hair, 
which,  at  first,  appeared  bushy  and  tortuous  behind,  but 
which  grew  pendulous  through  age,  till,  at  length,  it  be- 
came quite  straight,  having,  probably,  never  undergone 
the  operation  of  the  comb  $  and,  either  through  the  ori- 
ginal mal-conformation  of  the  wig,  or  from  a  custom  he 
had  of  frequently  inserting  his  huid  behind  it,  his  hind- 
head  and  wig  never  coming  into  very  close  contact. 
His  coat,  or,  more  properly,  jacket,  or  waistcoat  with 
sleeves  to  it,  which  he  constantly  wore  without  any  other 
waistcoat,  was  of  a  drab  colour.  His  linen  came  not 
from  Holland  or  Hibemia,  but  was  spun  and  bleached 
by  his  wife,  and  woven  at  Hurworth,  being  calculated 
more  for  warmth  and  duration,  than  for  shew.  He  had 
a  singular  custom  of  frequently  wearing,  especially  in 
cold  weather,  his  shirt  with  the  wrong  side  before,  and 
buttoned  behind  the  neck.  But  this  was  not  an  affec- 
tation of  singularity,  (for  Emerson  had  no  singularity 
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about  him  J  though  his  customs  and  manners  were  sin- 
gular:) he  had  a  reason  for  it  j — he  seldom  button etfe 
more  than  two  or  three  of  the  buttons  of  his  waistcoat  J 
one  or  two  at  the  bottom^  and  sometimes  one  at  the  top  ^ 
leaving  ail  the  rest  open.  In  wind,  rain,  or  snow,  there- 
fore;, he  miisfit  have  found  the  aperture  at  the  breast  in- 
convenient, if  his  shirt  had  been  put  on  in  the  usual 
manner*  His  breeches  had  an  antique  appearance,  the 
lappet  before^  not  being  supported  by  two  buttons,  placed 
in  a  line  parallel  to  the  horizon,  but  by  buttons  descend- 
ing in  a  line  perpendicyhir  to  it.  In  cold  wenther,  he 
used  to  wear  J  when  he  grew  old,  what  he  called  shin- 
covers.  Now  these  shin-covers  were  made  of  old  sack- 
ing, tied  with  a  string  above  the  kneej  and  depending 
before  the  shins  down  to  the  shoe  j  they  were  useful  in 
preser\ing  his  legs  from  being  burnt,  when  he  sat  too 
near  the  fire  (which  old  people  are  apt  to  do) ;  and  if 
they  had  their  n.^e,  he  w^as  not  solicitous  about  the  figure 
or  appearance  they  might  make.  « 

This  singularity  of  dress  and  figure,  together  with  hi# 
charnctcr  for  profound  learning,  and  knowledge  more 
than  human,  caused  him  to  be  consideretl,  by  ignorant 
and  illiterate  people  in  the  neighbourhood,  as  a  wine  or 
oinning  man,  or  conjuror ;  many  of  them  are  still  per- 
suaded that  be  was  such,  and  will  tell  you  wonderful 
stories  of  the  feats  he  performed,  and  particularly  how, 
by  virtue  of  a  magic  spell,  he  pinned  a  fellow  to  the  top 
of  his  pear  or  eherry-tree,  wbo  had  got  up  with  a  design 
to  steal  his  fruit,  and  compelled  him  to  sit  there  a  whole 
Sunday  forenoon,  in  full  view  of  the  congregation  go- 
ing to,  and  returning  from,  cburch.  That  he  did  com- 
pel a  man  to  sit  for  some  time  in  the  tree,  I  believe  was  a 
feet  J  not,  how  ever  J  by  virtue  of  any  magic  spell,  but  by 
standing  nt  the  bottom  of  the  tree,  with  a  hatchet  in 
his  hand,  and  swearing  that  if  he  came  down  he  would 
hag  {L  e.  hew)  his  legs  off.  This  opinion  of  his  skill  in 
the  black  art,  was  of  service  in  defending  his  property 
from  such  depredation,  and  therefore  it  would  have  been 
impolitic  to  discourage  it :  but  he  was  apt  to  lose  his 
patience  very  much  when  he  was  applied  to  for  the  re- 
covery of  stolen  goods^  or  to  investigate  the  secreti 
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fatarity.   A  woman  came  one  day  to  him,  to  inquire 
about  her  husband  who  had  gone  six  years  before  to  the 
West  Indies  or  America,  uid  had  not  been  heard  of 
since.    She  requested,  therefore,  to  be  informed,  whether 
he  was  dead  or  living,  as  a  man  in  her  neighbourhood 
had  made  proposals  of  marriage  to  her.    It  wiis  with 
much  difficulty  the  supposed  prophet  repressed  the  rising 
furor  till  the  conclusion  of  the  tale ;  when,  hastily  rising 
from  the  tripod,  or  three*footed  stool,  on  which  he  usu- 
ally sat,  in  terms  more  energetic  than  ever  issued  from 
the  shrine  at  Delphi,  he  gave  this  plain  and  unequivocal 
response :  ''D — n  thee  for  a  b*-h !  thy  husband' s  gone 
to  hell,  and  thou  may  go  after  him."    llie  woman  went 
away,  well  pleased  and  satisfied  with  the  answer  she  had 
received,  thinking  she  might  now  listen  to  the  proposals 
of  her  lover  with  a  safe  conscience.    Another  damsel, 
with  a  similar  errand,  met  with  a  milder  reception.  Her 
unstress  had  lost  some  caps,  or  linen,  and  she  wanted  to 
know  whether  her  fellow-servant  (of  whom  she  enter- 
tained suspicions)  had  purloined  them  or  not.    "  Thou's 
a  canny  young  lass,"  replied  the  smiling  conjuror,  "  but 
thou's  over  late  o*  coming  5  I  can  do  nought  for  thee.** 
The  poor  girl  went  away,  grieved  that  she  had  not  made 
her  application  sooner,  supposing  he  meant  that  the  mys- 
terious moment  of  divination  was  past. 

He  was  by  some  people  looked  upon  as  an  atheist, 
bat  he  was  as  much  an  atheist  as  he  was  a  magician. 
He  firmly  believed  in  the  being  of  God  ;  he  did  not  6e- 
Ueve  it,  as  h6  sometimes  said, — he  knew  it  he  was  certain 
of  it,  to  a  demonstration.  But  it  must  be  acknowledged, 
that  he  did  not  always  speak  of  revealed  religion,  the 
Church  of  England,  or  the  clergy,  in  terms  of  respect. 
It  has  often  been  observed  and  lamented,  that  minds 
merely  mathematical  are  apt  to  tend  towards  scepticism 
and  irreligion.  The  man  who  is  always  accustomed  to 
demonstrative  proofs,  and  wholly  engaged  in  a  science 
which  admits  of  them  at  every  step,  will  not  so  readQy 
acqtdesce  in  a  series  of  probabilities,  where  investigations 
of  another  kind  are  presented  to  him  3  and,  perhaps,  will 
not  have  patience  to  examine  circumstances  deeply 
enough,  to  ascertain  on  which  side  there,  is  a  prepon- 
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derance  of  evidence  amounting'  nearly  to  a  demonstm- 
tion.  Besides,  Emerson's  resentment  of  Dr.  Johnson's 
treatment  of  htm,  and  which  I  have  mentioned  before, 
might  produce  a  biafi  on  his  mind  unfavourable  to  reli- 
gion. A  man  of  his  natural  iTn]>etuosity  of  temper  wauld 
be  too  apt  to  associate  the  idea  of  the  profession  with 
that  of  the  professor  j  and  because  he  had  quarrelled 
with  the  priest,  would  also  quarrel  with  liis  doctrme, 
Under  the  influence  of  this  prepossession,  he  set  himself 
to  work  to  examine  the  Scriptures  of  the  Old  and  New 
Testament,  and  collected  two  small  quarto  volumes  of 
what  he  conceived  to  be  contradictory  passages,  and 
arranged  them,  like  hostile  troops  confronting-  each 
other,  00  the  opposite  pages  of  his  book. 

His  diet  was  as  simple  and  plain  as  his  dress,  and  hii 
meals  gave  little  interruption  to  his  studiesj  employ- 
ment or  amusements.  During  his  days  of  close  appli* 
cation,  he  seldom  sat  down  to  eat,  but  would  take  a 
piece  of  cold  pie  or  meat  of  any  kind  in  his  band,  and, 
retiring  with  it  to  his  place  of  study,  could  satisfy  his 
appetite  for  knowledge  and  food  at  the  same  time.  He 
catered  for  himself,  and  pretty  constantly  made  his  own 
market.  When  his  stock  of  groceries  or  other  neces- 
saries grew  low,  on  the  Monday  morning  he  took  hig 
wallet,  which  he  slung-  obliquely  across  bis  shoulders, 
and  set  forward  for  the  market  at  Darlington,  three  miles 
distant  from  Hurworth,  whither  he  always  walked  on 
foot,  tor  he  seldom  or  never  kept  a  horse,  and  had  an 
aversion  to  riding,  He  would  frequently  lead  the 
horse^  when  he  had  one  from  market,  by  the  halterj 
bearing  the  wallet  stuffed  with  the  provisions  he  had 
bought  at  market/'  After  having  provided  all  the  ne^ 
cessary  articles,  he  did  not  always  make  directly  home 
again :  but,  if  he  found  good  fair  ale,  and  company  to 
his  mind,  he  would  sit  himself  down  contentedly  in 
some  public  house,  for  the  remainder  of  the  day,  and 
frequently  during  the  night  too  ;  sometimes  he  did  not 
reach  home  till  late  on  Tuesday  or  even  Wednesday- 
He  remained  talking  or  disputing  on  various  topics — 
mechanics,  politics,  or  religion,— just  as  his  company 
might  bCj  varying  the  scene  sometimes  with  a  bccf-titeak. 
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THE  PREFACE, 


But  we  meet  with  no  considerable  inTentioBS  in  tbe  mechan  ical 
way,  for  a  long  series  of  ages ;  or,  if  there  had  been  any,  the  ac- 
counts of  them  are  now  lost,  tl^irough  the  length  of  lime ;  for  we 
have  nothing  upon  record  for  two  or  three  thousand  years  forward. 
Butj  afterwards,  we  find  au  account  of  everal  machines  that  were 
in  use.  For  we  read  in  Genesis,  that  ships  were  as  old,  even  on 
the  Mediterranean,  as  the  days  of  Jacob,  We  likewise  read  that  the 
Philistines  brought  thirty  thonsand  chariots  into  the  field  against 
Saul^  so  that  chariots  were  in  use  1070  years  before  Christ.  And 
about  the  same  time  architecture  was  brought  into  Europe.  And 
1030  years  before  Christy  Ammoii  built  long  and  tall  ships  with 
sails,  on  the  Red  Sea  and  the  Mediterranean.  And,  about  nine^ 
years  after,  the  ship  Argo  was  built ;  which  was  the  first  Greek 
vessel  that  ventured  to  pass  through  the  sea,  by  help  of  sails, 
without  sight  of  land^  being  guided  only  by  the  stars*  Deed al us 
also,  who  lived  9 BO  years  before  Christ,  made  sails  for  ships, 
a^nd  invented  several  sorts  of  tools,  for  carpenters  and  joiners  to 
work  with,  lie  also  made  several  moving  statues,  which  conVd 
walk  or  mo  of  themselves.  And,  about  800  years  before  Christ, 
we  find  in  2  Chron.  xv-  that  Uaiah  made  in  Jerusalem j  engines, 
invented  by  cunning  men,  to  be  on  the  towers  and  upon  tlie  bul- 
warks, to  shoot  arrows  and  great  stones  witliaL  Corn-mills  were 
early  invented ;  for  we  read  in  Denteronoiny,  that  it  w^as  not 
lawful  for  any  man  to  take  the  nether  or  the  upper  mill-stone  to 
pledge  ]  yet  water  was  not  applied  to  mills  before  the  year  of 
Christ  600,  nor  wind- mills  used  before  the  year  1200.  Likewise, 
580  years  before  Christ,  we  read  in  Jeremiah  xviii,  of  tbe  potter's 
wheel.  Architas  was  the  first  that  a]iplied  mathematics  to  me- 
chanics, but  left  no  mechanical  writings  behind  bim ;  he  made 
a  wooden  pigeon  that  could  fly  about.  Archimedes,  who  lived 
about  200  years  l)efore  Christ,  was  a  most  subtle  geometer  and 
mechanic.  He  made  engines  that  drew  up  the  ships  of  Mar- 
cellus  at  thB  siege  of  Syracuse  ;  and  others  thai  would  cast  a  stone 
of  a  prodigious  weight  to  a  great  distance,  or  else  several  lesser 
btones,  as  also  darts  and  arrows ;  but  there  have  been  many  fabu- 
lous reports  concerning  these  engines.  He  also  rnade  a  sphere 
which  showed  the  motions  of  the  sun,  moon,  and  planets.  And 
Posidonius,  afterwards,  made  another  which  shewed  tbe  same 
thing.  In  these  days,  the  liberal  arts  flourished,  and  learning  raet 
with  proper  encouragement ;  but,  afterwards,  they  became  neg- 
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lectod  for  a  k»g  time.  AnstoUey  wlio  lived  about  two  Irandied 
and  mne^  yean  before  Christ,  was  one  of  the  first  that  writ  any 
mtchodical  discourse  of  mechanics.  BntySt  this  time,  the  art  was 
cOhtMTifd  in  a  veiy  litde  compass,  there  being  scarce  any  thing 
more  known  about  it,  than  the  six  mechanical  powers.  In  this 
state,  it  continued  till  ^  sixteenth  century,  and  then  clock-work 
was  invented ;  and,  about  1650,  were  the  first  clocks  made.  At 
this  time,  several  of  the  most  eminent  mathemsHieiaiis  b^gan  to 
consider  mechanics ;  and,  by  dietr  stody  and  industry,  have  pio- 
digiously  enlarged  iu  bomds,  and  made  it  a  most  comprehensive 
science.  It  extends  through  heaven  and  earth ;  the  vrhole  universe, 
and  every  part  of  it,  is  its  subject  Not  one  particle  of  matter 
bet  what  comes  under  its  laws.  For  what  else  is  there  in  the 
visible  world,  but  matter 'and  motion?  and  the  properties  and 
a£S9ctions  of  both  these,  are  the  subject  of  mechanics. 

To  the  art  of  mechanics  is  owing  all  sorts  of  instruments  to 
work  with,  all  engines  of  war,  ships,  bridges,  mills,  curious  roofii 
and  ardies,  stately  theatres,  columns,  pendent  galleries,  and  all 
6th«r  grand  works  in  building.  Also  clocks,  watdies,  jacks,  dia- 
riots,  carts  and  carriages,  and  even  the  wheel-barrow.  Architec- 
ture, navigation,  husbandry,  and  military  affairs,  owe  their  inven- 
tion and  use  to  tiiis  art ;  and  whatever  hath  artificial  motion  by 
air,  water,  wind,  or  cords ;  as  all  manner  of  musical  instruments, 
vrater-works,  &c.  This  is  a  science  of  such  importance,  that, 
vritfaout  it,  we  could  hardly  eat  our  bread,  or  lie  dry  in  our  beds. 

By  mechanics,  we  come  to  understand  the  motions  of  the 
parts  of  an  animal  body ;  the  use  of  the  nerves,  muscles,  bones, 
joints,  and  vesseb :  all  which  have  been  made  so  plain,  as  proves 
an  animal  body  to  be  nothing  but  a  mechanical  engine.  But  this 
part  of  mechanics,  called  anatomy,  is  a  subject  of  itself.  Upon 
mechanics  are  also  founded  the  motions  of  all  the  celestial  bo- 
dies, their  periods,  times,  and  revolutions.  Without  mechanics, 
a  general  cannot  go  to  war,  nor  besiege  a  town,  or  fortify  a  place ; 
and  the  meanest  artificer  must  work  mechanically,  or  not  work 
at  all  $  so  that  all  persons,  whatever,  are  indebted  to  this  art, 
firom  the  king  down  to  the  cobbler. 

Upon  mechanics  is  also  founded  the  Newtonian,  or  only  true 
j^osophy  in  the  woHd.  For  all  the  difficulty  of  philosophy  con- 
sists in  this;  from  some  of  die  principal  phenomena  of  motions 
to  investigate  the  forces  of  nature.  And  tfaen>  from  .these  forces  to 
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revision  of  tlie  works  themselvea  j  and  where  I  have 
thought  any  thing  was  wanting  in  clearness,  or  any  sub- 
ject that  required  familiar  language  to  make  it  generally 
understood,  1  hav  e  preferred  the  method  of  supplying 
their  defects  hy  an  Appendix,  rather  than  that  of  altering 
the  text  of  the  original.  How  far  1  have  been  success- 
ful:, will  not  be  for  me  to  decide  ;  but  1  can,  with  safety, 
say,  that  my  endeavours  have  been  directed  to  the  elu- 
cidation of  subjects  which  appeared  not  fluihciently 
explaioed ;  and  to  place^  in  as  clear  a  light  as  possible, 
every  Proposition  that  presented  itself.  Some  new 
matter  has^  also,  been  added^  in  order  to  render  the 
work  as  complete  as  possible. 

It  will,  I  trustj  be  thought  not  too  much  if  I  add^ 
that,  independent  of  the  gt^at  care  that  has  been  taken 
to  correct  any  typographical  errors,  the  corrections 
of  the  engravings  and  diagrams  have  been  much  im- 
proved from  those  of  the  original  works.  Indeed,  our 
present  specimen,  both  of  typography  and  perspective 
drawing  in  the  plates,  will,  at  least,  shield  us  from  cen- 
5urej  if  not  gain  some  meed  of  praise,  for  the  pains  that 
have  been  taken  to  make  the  work  worthy  of  a  place 
in  the  library  of  the  man  of  science  as  weU  as  the 
mechanic.  This  first  volume  of  the  series  thus  presents 
itself,  not  as  aiming  at  originality,  but  as  an  attempt  to 
perpetuate  the  writings  of  a  man  who,  for  general 
mathematical  kuowledge,  stands,  I  may  say,  unrivalled  ; 
and  to  bring  into  more  general  notice  the  theory  of  that 
art  by  which  our  wants,  as  well  as  our  luxuries,  are 
gratified}  and  by  which  the  prosperity  of  the  nation, 
and  the  comfort  and  happiness  of  indivlduaisj  is  insured. 
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made.  For  neter  a  phikwopber  before  Newton  ever  took  the 
method  dot  be  did.  For  whilst  their  systems  are  notbinf  but 
h^rpotheses,  oonoeitSy  fictioiiSy  coDjectuieSy  and  romances,  invented 
at  pleasure,  and  without  any  foundation  in  the  nature  of  things, 
he,  oo  the  contrary,  and  by  himself  alone,  set  out  upon  a  quite 
different  footing.  For  he  admits  nothing  but  what  he  gains  from 
acperiments,  and  accurate  observations.  And  from  this  founda- 
tion,  whatever  is  further  advanced,  is  deduced  by  strict  mathe- 
matical reasoning.  And  where  this  thread  does  not  carry  him, 
he  stops,  and  proceeds  no  further ;  not  pretending  to  be  wise 
above  what  is  written  in  nature ;  being  rather  content  with  a 
litde  true  knowledge  than^  by  assuming  to  know  every  thing, 
nm  the  hazard  of  error.  Contrary  to  all  this,  these  scheming 
philoBi^hers,  being  men  of  strong  imaginations  and  weak  judg- 
ments, will  run  on,  ad  infinitum,  and  build  one  fiction  upon 
another,  till  their  Babel,  thus  erected,  proves  to  be  nothing  but  a 
heap  of  endless  confusion  and  contradiction.  And  then  it  is  no 
wonder,  if  the  vdiole  airy  fiibric  tumbles  down,  and  sinks  into 
ruin-  And  yet  it  seems,  such  romantic  systems  of  philosophy  will 
please  some  people  as  well  as  the  strictest  truth,  or  most  regular 
system.  As  if  philosophy,  like  religion,  was  to  depend  on  the 
^hion  of  the  country,  or  on  the  feuDcies  and  caprice  of  weak 
people.  But,  surely,  this  is  nothing  but  rambling  in  the  dark, 
and  saying  4hat  the  nature  of  .thmgs  depends  upon  no  steady 
principles  at  all.  But,  in  truth,  the  business  of  true  philosophy 
is  to  derive  the  nature  of  things  from  causes  truly  existent;  and 
to  inquire  after  those  laws  on  which  the  Creator  choosed  to 
found  the  world ;  not  those  by  which  he  might  have  done  the 
same,  had  he  so  pleased.  It  is  i-easonable  to  suppose,  that,  from 
several  causes,  something  differing  from  each  other,  the  some 
effect  may  arise.  But  the  true  cause  will  always  be  that  from 
which  it  truly  and  actually  does  arise ;  the  others  have  no  place 
in  true  philosophy.  And  this  can  be  known  no  way,  but  by 
observations  and  experiments.  Hence,  it  evidently  follows,  that 
the  Newtonian  philosophy,  being  thus  built  upon  this  solid  foun- 
dation, must  stand  firm  and  unshaken ;  and  being  once  proved  to 
be  true,  it  must  eternally  remain  true,  until  the  utter  subversion 
of  all  the  laws  of  nature.  It  is,  therefore,  a  mere  joke  to  talk 
of  a  new  philosophy.  The  foundation  is  now  firmly  laid :  the 
Newtonian  philosophy  may,  indeed,  be  improved,  and  further 


i 


IT 


THE  EDITOR'S  PREFACE. 


revision  of  the  works  themselves  ;  and  where  I  have 
thought  any  thing  was  wanting  in  clear  nesSj  or  miy  sub- 
ject that  required  familiar  language  to  make  it  generally 
understood,  1  have  preferred  the  method  of  supplying 
their  defects  by  an  Appendbcj  rather  than  that  of  altering 
the  text  of  the  original.  How  far  I  have  been  success- 
ful, will  not  he  for  me  to  decide  ]  but  I  can,  with  safety, 
say,  that  my  endeavours  have  been  directed  to  the  elu- 
cidation of  subjects  which  appeared  not  sufficiently 
explained  and  to  place^  in  as  clear  a  light  as  possible^ 
every  Proposition  that  presented  itself.  Some  new 
matter  has,  also^  been  added,  in  order  to  render  the 
work  as  complete  as  possible* 

It  will,  1  trust,  be  thought  not  too  much  if  I  add, 
that,  independent  of  the  great  care  that  has  been  taken 
to  correct  any  typographical  errors,  the  corrections 
of  the  engravings  and  diagrams  have  been  much  im- 
proved from  those  of  the  original  works*  Indeed,  our 
present  specimen,  both  of  typography  and  perspective 
drawing  in  the  plates,  v*t11,  at  least,  shield  us  from  cen- 
sure, if  not  gain  some  meed  of  praise,  for  the  pains  that 
have  been  taken  to  make  the  work  worthy  of  a  place 
in  the  library  of  the  man  of  science  as  well  as  the 
mechanic.  This  first  volume  of  the  series  thus  presents 
itself,  not  as  aiming  at  originality,  but  as  an  attempt  to 
perpetuate  the  writings  of  a  man  who,  for  general 
mathematical  knowledge,  stands,  1  may  say,  unrivalled  | 
and  to  bring  into  more  general  notice  the  theory  of  that 
art  by  which  our  wants,  as  well  as  our  luxuries,  are 
gratified  j  and  by  which  the  prosperity  of  the  nation, 
and  the  comfort  and  happiness  of  individtialSj  is  insured. 
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Shofuld  the  present  work  be  thought  worthy  of  pa- 
tronage,  it  is  my  intention  to  continue  the  series,  by  a 
carefid  selection  from  other  authors  of  acknowledged 
merit,  who  have  written  on  the  other  branches  of 
science,  and  to  include  all  those  anywise  connected  with 
the  business  of  the  Mechanic,  such  as  Geometry,  Per- 
spective, Algebra,  &c. ;  and  I  shall  endeavour,  in  the 
same  manner,  to  illustrate  them  by  an  Appendix,  using 
as  ^uouliar  language  as  the  subject  will  admit  of,  and 
noticing  such  new  improvements  as  may  have  been 
added  since  the  original  publication ;  thus  endeavouring 
to  blend,  as  it  were,  together  the  various  discoveries  of 
the  modems  with  the  original  works  of  those  who  have 
preceded  them. 

I  shall  here  take  my  leave ;  trusting  that  no  material 
error  will  be  found :  and,  as  I  cannot  claim  any  merit  in 
the  production,  I  hope  I  shall  not  incur  censure,  but 
that  the  indulgent  reader  will  peruse  this  with  the 
same  spirit  in  which  I  have  written,  that  of  endeavour- 
mg  to  apply  to  some  useful  purpose  the  talents  which 
are  entrusted  to  us. 
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will  be  to  despise  their  doll  criticisms,  and  laugh  at  their  ignor- 
ance. 

Men'  moTeat  cimex  Pantilius  ?  aat  cmcier,  quiM 
Vellicit  absentem  Demetrius  ?  aut  qu<>d  ineptus 
Fannns  Hermogenis  loedat  Conviva  Tlgelli  ? 
Plotius,  &  Varius,  Mecenas,  Virgiliusque, 
Valginsy  probet  h«c  

llOR. 
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MECHANICS. 


DEFINITIONS. 

1.  Mechuma  is  a  science,  which  teaches  the  proportion  of  the 
forces,  motions,  velocities,  and,  in  general,  the  actions  of  bodies 
upon  one  another. 

3.  Botfy  is  the  mass  or  quantity  of  matter.  If  a  body  yields  to 
a  stroke  and  recovers  its  former  figure  again,  it  is  called  an  elattic 
bcicfy:  if  not,  it  is  tiK/ostic. 

3.  DennJty  of  a  body  is  the  proportion  of  the  quantity  of  matter 
contained  in  it,  to  die  quantity  of  matter  in  another  body  of  the 
same  bigness.  Thus,  tJie  density  is  said  to  be  double  or  triple, 
when  the  quantity  of  matter  contained  in  the  same  space  is  double 
or  triple. 

4.  Force  is  a  power  exerted  on  a  body  to  move  it  If  it  act  but 
for  a  moment,  it  is  called  the  force  of  percuuion  or  impulse.  If  it 
act  constantly,  it  is  called  an  accelerative  force.  If  constantly  and 
equally,  it  is  called  a  uniform  accelerntive  force. 

5.  Felodty  is  an  affection  of  motion,  by  which  a  body  passes 
over  a  certain  space  in  a  given  time.  The  velocity  is  said  to  be 
greater  or  less,  according  as  the  body  passes  over  a  greater  or  less 
space  in  the  same  time. 

6.  Motion  is  a  continual  and  successive  change  of  place.  If 
a  body  moves  through  equal  spaces  in  equal  times,  it  is  called 
equable  motion.  If  its  velocity  continually  increases,  it  is  called 
accelerated  motion ;  if  it  decreases,  it  is  retarded  motion.  If  it 
increases  or  decreases  uniformly,  it  is  equably  accelerated  or  re- 
tarded.  likewise,  if  its  motion  be  considered  in  regard  to  some 
other  body  at  res^  it  is  called  absolute  motion.  But  if  its  motion 
be  considered  with  respect  to  other  bodies  also  in  motion,  then 
it  is  relative  motion. 

7.  Direction  of  motion  is  the  way  the  body  tends,  or  the  right 
line  it  moves  in. 
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8.  Quantity  of  motion  is  the  motion  a  body  has,  both  in 
gard  to  its  velocity,  and  quantity  of  matter.  This  is  called 
momentum  of  a  body,  by  some  mechanical  writers. 

9.  Vis  inertia  is  that  innate  force  of  matter  by  which  it  resi 
any  change,  and  endeavours  to  preserve  its  present  state  of  mot 
or  rest. 

10.  Gravity  is  that  force  wherewith  a  body  endeavours  to  \ 
scend  towards  the  centre  of  the  earth.  This  is  called  ahsol 
gravity f  when  the  body  tends  downwards  in  free  space  :  and  n 
tive  gravity  is  the  force  it  endeavours  to  descend  with  in  a  flu 

11.  Specific  gravity  of  bodies  is  the  greater  or  less  weight 
bodies  of  the  same  magnitude ;  or  the  proportion  between  th* 
weights.  The  specific  gravity  is  said  to  be  double  or  triple,  wl: 
the  weight  of  the  same  bulk  of  matter  is  double  or  triple. 

12.  Centre  of  gravity  of  a  body  is  a  certain  point  in  it,  up 
which  the  body  being  freely  suspended,  it  would  rest  in  any  po 
tion. 

.13.  Centre  of  motion  of  a  body  is  a  fixed  point  about  whi 
the  body  is  moved.    And  the  axis  of  motion  is  the  fixed  axis 


14.  Weight  and  power,  when  opposed  to  one  another,  sign 
the  body  to  be  removed,  and  the  body  that  moves  it.  That  bo 
which  communicates  the  motion  is  called  the  power;  and  tl 
which  receives  it,  the  weight. 

15.  Equilibrium  is  when  two  or  more  forces  acting  against  o 
another,  none  of  them  overcome  the  others,  but  destroy  one  s 
other's  effects,  and  remain  at  rest. 

16.  AJluid  is  a  body  whose  parts  yield  to  any  impressi 
force ;  and  by  yielding  are  easily  moved  among  themselves. 

17.  Hydrostatics  is  a  science  that  treats  of  the  properties 
fluids. 
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contrary  to  tins  is  itrenM^  which  is  the  resistance  any  beam  is 
aUe  to  make  against  a  force  endeaTonring  to  break  it. 

24.  Friaion  is  the  resistance  arising  from  the  parts  of  machines, 
or  of  any  bodies  nibbing  against  one  another. 

POSTULATA. 

1.  That  a  small  part  of  the  surface  of  the  earth,  or  the  horizon, 
may  be  lotted  upon  as  a  plane.  Though  this  is  not  strictly  true,  yet 
it  ^ufiBers  insensibly  in  so  small  a  space  as  we  have  any  occasion 
to  consider  it. 

2.  Hea^  bodies  descend  in  lines  parallel  to  one  another,  and 
perpendiccdar  to  the  horiion:  and  they  always  tend  perpendi* 
cular  to  the  horizon  by  their  weight.  For  this  is  true  as  to  sense, 
because  die  lines  of  their  direction  meet  only  at  the  centre  of  the 
earth,  taken  as  a  perfect  sphere. 

3.  The  weight  of  any  body  is  the  same  in  all  places  at  or  near 
the  surface  of  the  earth.  For  the  difference  is  insensible  at  any 
heights  to  which  we  can  ascend.  Though,  in  strictness,  the  force  of 
gravity  decreases  in  ascending,  from  the  earth's  suribce,  in  flie 
reciprocal  ratio  of  the  squares  of  the  heights  from  the  earth's 
centre. 

4.  We  are  to  suppose  all  planes  perfectly  even  and  regular, 
all  bodies  perfectly  smooth  and  homogeneous,  and  moving  with- 
out friction  or  resistance ;  lines  perfectly  straight,  and  inflexible, 
without  weight  or  thickness ;  cords  extremely  pliable,  &c.  For 
though  bodies  are  defective  in  all  these,  and  the  parts  or  matter, 
whereof  engines  are  made,  subject  to  many  imperfections,  yet  we 
must  set  aside  all  these  irregularities,  till  the  theory  is  established ; 
and  afterwards  make  such  allowance  as  is  proper. 

AXIOMS. 

1.  Every  body  perseveres  in  its  present  state,  whether  of  rest, 
or  moving  uniformly  in  a  right  line,  till  it  is  compelled  to  change 
that  state  by  some  external  force. 

2.  The  alteration  of  motion,  or  the  motion  generated  or  de- 
stroyed in  any  body,  is  proportional  to  the  force  applied,  and  is 
made  in  the  direction  of  that  right  line  in  which  the  force  acts. 

3.  The  action  and  re-action  between  two  bodies  are  equal,  and 
in  contrary  directions. 

4.  The  motion  of  the  whole  body  is  made  up  of  the  sum  of  the 
motions  of  all  the  parts. 

5.  Tlie  weights  of  all  bodies  in  the  same  place,  are  propor- 
tional to  the  quantities  of  matter  they  contain,  without  any  regard 
to  their  bulk,  figure,  or  kind.  For  twice  the  matter  will  be  twice 
as  heavy,  and  thrice  the  matter  thrice  as  heavy ;  and  so  on. 

6.  The  vis  inertiae  of  all  bodies  is  proportional  to  the  quantity 
of  matter. 
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7.  Every  body  will  descend  to  the  lowest  place  it  cad  get  ta 

8.  Whatever  sustains  a  heavy  body,  bears  all  the  weight  of  i 

9.  Two  equal  forces  acting  against  one  another  in  contn 
directions,  destroy  one  another's  effects. 

10.  If  a  body  is  acted  on  with  two  forces  in  contrary  din 
tions,  it  is  the  same  thing  as  if  it  were  only  acted  on  with  1 
difference  of  these  forces,  in  direction  of  the  greater. 

11.  If  a  body  is  kept  in  equilibrio,  the  contrary  forces^  in  a 
one  line  of  direction,  are  equal,  and  destroy  one  another. 

12.  Whatever  quantity  of  motion  any  force  generates  in  a  gii 
time,  the  same  quantity  of  motion  will  an  equal  force  destroy 
the  same  time,  acting  in  a  contrary  direction. 

13.  Any  active  force  will  sooner  or  more  easily  overcome 
lesser  resistance  than  a  greater. 

14.  If  a  weight  be  drawn  or  pushed  by  any  power,  it  pusl 
or  draws  all  points  of  the  line  of  direction  equally.  And  it  is  t 
same  thing,  whatever  point  of  that  line  the  force  is  applied  to; 

15.  If  two  bodies  be  moving  the  same  way,  in  any  right  li 
their  relative  motion  will  be  the  same,  as  if  one  body  stood  st 
and  the  other  approached,  or  receded  from  it  with  the  differen 
of  their  motions ;  or  with  the  sum  of  their  motions,  if  they  mo 
contrary  ways. 

-  16.  If  a  body  is  drawn  or  urged  by  a  rope,  the  direction  of  tl 
force  is  the  same  as  the  direction  of  that  part  of  the  rope  next  c 
joining  to  the  body. 

17.  If  any  force  is  applied  to  move  or  sustain  a  body,  bymes 
of  a  rope,  all  the  intermediate  parts  of  the  rope  are  equa 
distended,  and  that  in  contrary  directions. 

18.  If  a  running  rope  go  freely  over  several  pullies,  all  t 
parts  of  it  are  equally  stretched. 

19.  If  any  force^^  be  iipplltid  af^L^in.st  one  find  of  n  free  lever 
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PROPOSITION  I. 

The  Qx/jLvrrms  of  matter  in  all  bodies  are  in  the  com- 
plicate RATIO  OF  THEIR  MAGNITUDES  AND  DENSITIES. 

For  by  Definitioii  3,  if  the  maffnitudes  be  equal,  the  matter  will 
be  as  the  densities.  And  if  the  densities  be  e^oal,  the  matter 
will  be  as  the  magnitudes.  Therefore,  the  matter  is  universally  in 
iStke  compound  ratio  of  both. 

Corollary  1. — The  quantities  of  matter  in  similar  bodies,  are  as 
the  densities  and  cubes  of  their  like  dimensions,  in  a  sphere.  The 
magnitude  is  as  the  cul>e  of  the  diameter. 

.  Cor.  2.  The  quantities  of  matter  are  as  the  magmtudes  and  spedfie 
gravities.  For  the  specific  gravities  are  as  the  densities,  by 
Axiom  5. 

PROP.  II. 

The  quantities  of  motion,  in  all  moving  bodies  what- 
ever, ARE  IN  the  complicate  RATIO  OF  THE  QUANTITIES 
OF  MATTER    AND  THE  VELOCITIES. 

.  For  if  the  velocities  are  equal,  it  is  manifest  (by  Axiom  4,)  that 
the  quantities  of  motion  will  be  as  the  quantities  of  matter.  And 
if  the  quantities  of  matter  are  equal,  the  motions  will  be  as  tfie 
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velocities.  Therefore,  uniyersally^  the  quantities  of  motioii  an 
the  compound  latio  of  the  velocities  and  quantities  of  matter. 

Cor.  In  any  sort  of  motion^  the  quantity  of  motion  is  ag  the  i 
of  all  the  products  of  every  particle  of  matter  midt^iedbyits  retp 
tive  velocity. 

For  the  quantity  of  motion  of  any  particle  is  as  that  parti 
multiplied  by  its  velocity ;  and  as  each  particle  of  the  same  be 
moves  with  equal  velocity,  the  motion  or  the  v^hole  will  be  the  s 
of  the  motions  of  all  the  parts. 

PROP.  III. 

In  all  uniform  motions,  the  space  described  is  in  1 
complicate  ratio  of  the  time  and  velocity. 

For  it  is  evident,  if  the  velocity  be  ^iven,  the  space  descril 
by  any  body,  will  be  as  the  time  of  its  moving.  And,  if  the  ti 
be  given,  the  space  described  will  be  greater  or  less,  according 
the  velocity  is  greater  or  less ;  that  is,  the  space  will  be  as  the 
locity.  Thereibre,  if  neither  be  given,  the  space  will  be  in 
compound  ratio  of  both  the  time  and  velocity. 

Cor,  The  time  is  as  the  space  directly^  and  veiocity  reciprocalfy 
PROP.  IV. 

The  motion  generated  by  any  momentary  porce,  is 
the  force  that  generates  it. 

For  if  a  certain  quantity  offeree  generates  any  motion,  a  doul 
quantity  of  force  vnVL  generate  double  the  motion ;  and  a  tri] 
rorce,  triple  the  motion ;  and  so  on. 

Cor.  The  space  described  is  as  the  force  and  time  directly^  i 
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all  sti]^f>otitk»is.  And  dieiice  all  the  laws  and  proportioiu 
bdooging  to  'nnifimii  moi6oa,  may  bt  readilT  and  uniwnlly 
lesolVed :  expooging  gucfa  as  are  not  coocerned  in  the  question ; 
and  reiecting^  those  that  are  given  or  constant ;  and  also  those 
that  are  in  both  terms  of  tiie  proportion.  Thus  we  shall  get  in 
general, 

/  a  m  a  ^  a 
ma/  a  ftr  a 
f    a       a   y  a 

V   a  -r-  a  a 

0  t 

1  9b 

^   a  —  a   —  a 

V  m 
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PROP.  V. 

Ik  any  motion^  generated  bt  a  uniformly  accelerating 
force,  the  motion  generated  in  any  time  is  in  the 
complicate  ratio  of  the  force  and  time. 

For  in  any  given  time,  the  motion  generated  will  be  propor- 
tional to  the  force  that  generates  it,  this  being  its  natural  and 
senuine  effect.  And  since  in  all  the  several  parts  of  time,  the 
force  is  the  same,  and  has  the  same  efficacy,  therefore  the  motion 
generated  will  also  be  as  the  time :  whence  universally,  the 
motion  generated  is  in  the  compound  ratio  of  both  the  force  and 
die  time  of  acting. 

Cor.  1.  This  PropotUum  is  equally  true,  in  respect  to  the  motion 
Imt  or  destroyed  m  a  moving  botfy,  by.  a  force  acting  in  a  contrary 
direction.    By  Axiom  12. 

Car,  2.  If  the  space  through  which  a  botfy  is  moved  by  wny  force^ 
be  divided  into  an  indefinite  number  of  small  equal  parts  ;  and  ^  in 
each  party  the  accelerative  force  acts  differently  upon  the  ootfy, 
occordine  to  any  certain  taw ;  and  if  there  be  taken  the  product  of 
the  accekratine  force  in  each  part  muUipUed  by  the  time  of  passing 
through  it ;  then  I  say^ 

As  any  un^orm  accderatvoe  force  X  by  the  time  of  acting  (FT) : 

Is  to  the  motion  generated  tn  that  time  (M)  *l 
c 


t 

b$ 

t 

IL 

/ 
b 

s» 

mt  ft 
s  s 


10  GENERAL  LAWS  OF  MOTION.  Sect. 


the  lines  AB,  AC.  Then  since  the  force  acting  in  the  direct] 
AC  parallel  to  BD,  by  Axiom  2,  will  not  alter  the  yelodtj 
i^ards  the  line  BD ;  the  body  therefore  will  arrive  at  BD  in 
same  time^  whether  the  force  in  the  direction  AC  be  impressed 
not :  therefore,  at  the  end  of  the  time,  it  will  be  found  somewfai 
in  BD.  By  the  same  argument,  it  will  be  found  somewhere  in 
line  CD ;  therefore  it  will  be  found  in  D,  the  point  of  intersectic 
and  by  Axiom  1,  it  will  move  in  a  right  line  from  A  to  D. 


Otherwise : 

Suppose  the  line  AC  to  move  parallel  to  itself  into  the  ph 
BD,  whilst  A  moves  from  A  to  C,  then  since  this  line  and  i 
body  are  both  equallv  moved  towards  BD,  it  is  plain  the  bo 
must  be  always  in  the  moveable  line  AC.  Therefore,  when  J 
comes  to  the  position  bg,  let  the  body  be  arrived  9t  d;  tb 
since  both  the  line  AC  moves  uniformly  along  AB,  and  the  bo 
A  along  AC ;  therefore  it  will  be  as  A6  :  6c2 :  :  AB :  BD,  therefi 
AdD  is  a  right  line. 

CaseIL   {Fig.  1,  PL  I,) 

Let  the  body  be  carried  through  AB,  AC,  by  an  accelerat 
force.  Then,  by  Prop.  VI.  the  space  described  will  be  as  the  tii 
and  velocity,  and  therefore  the  velocity  will  be  as  the  space  direc 
and  time  reciprocally.  Also,  by  Cor.  3,  Prop.  V.,  when  the  foi 
and  the  body  is  given,  the  velocity  is  as  the  time.  Whence  1 
time  will  be  as  the  soace  directls  and  time  reciprocally,  and  i 
space  as  the  square  ot  the  time.  That  is,  the  same  body  acted 
by  the  same  force  will  describe  spaces  which  are  as  the  squa 
of  the  times.  Now  let  the  time  of  describing  AB  or  AC  be 
and  let  the  line  AC  move  along  with  the  body,  always  parallel 
itself,  and  in  the  time  t,  let  it  arrive  at  bg,  and  the  body 
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Cor.  1.  {Fig.  1.  PL  I.)  Tke  fbrcm^  in  the  dinetiom  AB»  AC, 
AD,  are  remectivefy  proportioma  to  tke  lines^  AB,  AC,  AD. 

For  Cor.  Prop.  IV.  the  time  and  the  quantity  of  matter 
being  ffiren ;  the  force  is  directly  as  the  space  described.  And 
in  accelerated  motion,  the  same  is  true,  by  Prop.  V.  Cor.  3.  and 
Prop.  VL 

Cor.  2.  The  two  oblique  forcee^  AB,  AC,  are  emdvaleatto  the  tingle 
direct  force  AD,  which  majf  he  compounded  of  theie  two,  by  drawing 
the  diagonal  of  the  parallelogram  AD. 

Cor.  3.  Any  single  direct  force  AD,  mmf  be  resolved  into  the  two 
obUque  forces  whose  quantities  and  directions  are  AB,  AC,  having 
the  same  effect,  hy  dacribing  any  parallelogram  whose  diagonal  u 
AD. 

Cor,  4.  A  body  being  agitated  by  two  forces  at  once,  will  pass 
through  the  same  point,  as  it  would  do  if  the  two  forces  were  to  act 
separately  and  successively.  And  if  any  new  motion  be  impressed  on 
a  bodhf  already  in  motion,  it  does  not  alter  its  motion  in  Ones  parallel 
to  its  former  direction. 

Cor,  5.  (Fig.  2.  PI.  I.)  If  two  forces,  as  AB,  AC,  act  in  the  di- 
rections  AB,  AC,  respectively,  draw  AR  to  the  middle  of  the  right 
line  BC,  and  2  A^  if  the  force  compounded  out  of  these,  and  AR 
its  direction. 

PROP.  Vni.    {Fig,  3.  PL  I.) 
Let  there  be  three  forces.  A,  B^  C,  of  the  same  kind, 

ACTING  AGAINST  ONE  ANOTHER,  AT  THE  POINT  D,  AND 
'  WHOSE  DIRECTIONS  ARE  ALL  IN  ONE  PLANE ;  AND  IF  THET 
KEEP  ONE  ANOTHER  IN  EQUILIBRIO,  THESE  FORCES  WILL  BE 
TO  EACH  OTHER  RESPECTIVELY,  A3  THE  THREE  SIDES  OF  A 
TRIANGLE  DRAWN  PARALLEL  TO  THEIR  LINES  OF  DIRECTION, 

DI,  CI,  CD. 

Let  DC  represent  the  force  C,  and  produce  AD,  BD,  and 
complete  die  parallelogram  DICH :  And  by  the  last  Prop,  the 
force  DC  is  equivalent  to  the  two  forces  DH,  DI ;  put,  therefore, 
the  forces  DH,  DI  instead  of  DC,  and  ail  the  forces  will  still  be 
in  equilibrio.  Therefore,  by  Ax.  II.,  DI  is  equal  to  its  opposite 
force  A,' and  DH  dr  CI  equal  to  its  opposite  force  B.  Therefore, 
the  three,  forces  A,  B,  C  are  respectively  as  DI,  CI,  CD. 

Cor.  .1,  Hence  the  forces,  A,  B,  C  ore  respectively  as  the  three 
sides  of  a  triangle,  drawn  perpendicular  to  their  lines  of  direction,  or 
M  any  given  angle  to  them,  on  the  same  side.  For  such  a  triangle 
wiU  be  similar  to  the  former  triangle. 

Cor.  2.  The  three  forces  ABC  wM  be  toeach  other  as  the  sines  of 
the  angles  through  which  their  respective  lines  of  direction  do  pass, 
whenproduced: 
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For  DI :  CI  : :  S.DCI  or  CDB  :  S.CDI  or  CDA. 

And  CI :  CD  ::  S.CDI  or  CDA  :  S.CHD  or  HDI  or  AD] 

Cor,  3.  Tf  there  be  ever  so  many  forces  acting  against  ony  pc 
in  one  plane,  and  keep  one  another  in  eguUibrio,  they  may  be  all 
duced  to  the  action  of  three,  or  even  of  two  equal  and  opposite  om 

For  if  HD,  ID  be  two  forces,  they  are  equivalent  to  the  sin 
force  DC.  and,  in  like  manner,  A  and  B  may  be  reduced  to  a  a 
gle  force. 

Cor.  4.  And  if  ever  so  many  forces  in  different  planes,  act 
against  one  point,  keep  one  another  in  eqiaUbrio,  they  may  be 
reduced  to  the  actions  of  several  forces  in  one  plane,  and,  consequem 
to  two  equal  and  opposite  ones. 

For  if  the  four  forces,  A,  B,  H,  I,  act  against  the  point  D,.a 
H,  I,  be  out  of  the  plane  ABD,  let  DC  be  the  common  section 
the  planes  ADB,  HDI;  then  the  forces  H, I,  are  reduced  to  : 
force  C,  in  the  plane  ADB. 

Scholium. — ^This  Prop,  holds  true  of  all  forces  whatever,  wl 
ther  of  impulse  or  percussion,  thrusting,  pulling,  pressing, 
whether  instantaneous  or  continual,  provided  they  be  all  of  i 
same  kind. 

Hence,  if  three  forces  act  in  one  plane,  their  proportions  i 
had ;  and  if  one  force  be  given,  the  rest  may  be  found.  And 
four  forces  act,  and  two  be  given,  the  other  two  may  be  foun 
but  if  only  one  be  given,  the  rest  cannot  be  found ;  for  in  1 
three  forces,  A,  B,  C,  the  force  C  may  be  divided  into  otl 
two,  an  infinite  number  of  ways,  by  drawing  any  parallelogn 
DICH  about  the  diagonal  DC ;  and,  in  general,  if  there  be  a 
number  of  forces  acting  at  D,  and  all  be  given  but  two,  the 
two  may  be  found  ;  otherwise  not,  though  the  positions  of  th< 
all  be  given. 
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by  the  pressure  of  B  against  it  bj  the  force  £B ;  which,  if  the 
Ipirfiice  be  perfectly  smooth  and  Toid  of  tenacity,  will  be  nothing. 
11^  force  £>B,  therefore,  baring  no  effect,  the  remaining  force  £B 
^1  be  the  only  one  whereby  me  body  B  acts  against  the  surfoce 
pB,  and  that  in  direction  EB,  perpendicular  to  it. 

.  Cor.  1.  If  a  given  botfy  B  strike  another  body  C  obliqwfyf  at  any 
angle  ABD,  the  tnagnitude  of  the  stroke  will  ie  directly  a$  the  velo- 
diy  and  the  sine  of  the  angle  of  incidence  ABD  ;  tmd  the  body  C 

receives  that  stroke  in  the  direction  £B  perpendicular  to  the  surface 

DB  i-r-  J 

For  if  the  angle  ABD  be  ffiven,  the  stroke  will  be  greater  in 
proportion  to  the  Telocity ;  and  if  the  Telocity  AB  be  giren,  the 
strcdce  will  be  as  AD,  or  S  ABD ;  or  the  magnitude  of  the 
stroke  is  as  the  Telocity  wherewith  the  body  approaches  the  plane. 

Cor.  2.  (Fiff.  5.  PI.  I.)  If  a  perfectly  elastic  body  A  impinges  on 
ahardor  elastic  body  CB  at  B,  tt  ioill  be  reflected  from  it,  so  that 
the  angle  of  reflection  will  be  equal  to  the  angle  of  incidence. 

For  the  motion  at  B  parallel  to  the  surface  is  not  at  all  changed 
by  the  stroke ;  and,  because  the  bodies  are  elastic,  they  recorer 
their  figure  in  the  same  time  they  lose  it  by  the  stroke ;  therefore, 
the  Telocity  in  direction  BE  is  the  same  after  as  before  the  stroke. 
Let  A£,  BE,  represent  the  Telocities  before  the  stroke,  and  ED 
(=  AE)  and  BE  the  respectire  Telocities  after  the  stroke  ;  then  in 
the  two  similar  and  equal  triangles,  AEB,  BED,  ^  ABE  is  equal 
to  /_  EBD. 

But  since  no  bodies  in  nature  are  perfectly  elastic,  they  are 
something  longer  of  regaining  their  figure ;  and,  tlierefore,  the  an<- 
gle  DBF  will  be  something  more  acute  than  the  ABG. 

Cor.  3.  If  one  given  bodu  impinges  upon  another  given  body,  the 
magnitude  of  the  stroke  wili  be  as  the  relative  velocity  between  the 

For  the  magnitude  of  the  stroke  is  as  the  line  BE,  {Fig,  4. 
.P/.  I.)  or  the  Telocity  wherewith  the  bodies  approach  each  other  ; 
that  is,  as  the  relatiTe  Telocity. 

Cor.  4.  And  in  any  bodies  whatever,  if  a  body  in  motion  strike 
against  another^  the  magrdtude  of  t/te  stroke  will  be  as  the  motion  lost 
by  the  striking  body. 

For  the  motion  impressed  on  the  body  that  receives  the 
stroke  is  equal  to  the  magnitude  of  the  stroke ;  and  the  same 
motion  by  Ax.  3,  is  equal  to  the  motion  lost  in  the  striking  body. 

Cor.  5.  A  non-elastic  body  striking  another  non-elastic  bodi/,  only 
loses  half  as  much  motion  as  if  the  bodies  were  perfectly  elastic. 

For  the  non-elastic  bodies  only  stop ;  but  elastic  bodies  recede 
Tfith  the  same  Telocity  they  meet  T^th. 
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Cor,  6.  Hc7ice,  alsoy  it  follows,  that  if  one  bocfy  acts  upon  another, 
by  striking,  pressing,  Sfc.  the  other  re-acts  upon  this  in  the  directioH 
of  a  line  perpendicuiar  to  the  surface  whereon  they  act.    By  Ax.  3. 

Scholium. — ^Though  the  momentum,  or  quantity  of  motion^  in 
a  moving  body,  is  a  quite  distinct  thing  from  the  force  that  gene- 
rates it,  yet,  wiien  it  strikes  another  body  and  puts  it  into  motion, 
it  may,  with  respect  to  that  other  body,  be  considered  as  a  certain 
quantity  of  force  proportional  to  the  motion  it  generates  in  the 
other  body. 

Also,  although  the  motion  generated  by  the  impulse  of  another 
body  is  considered  as  generated  in  an  instant,  upon  account  of 
the  very  small  time  it  is  performed  in,  yet,  in  mathematical  strict- 
ness, it  is  absolutely  impossible  that  any  motion  can  be  generated 
in  an  instant,  by  impulse  or  any  sort  of  finite  force  whatever. 
For  when  we  consider  that  the  parts  of  the  body  which  yield  to 
the  stroke,  are  forced  into  a  new  position,  there  will  be  required 
some  time  for  the  yielding  parts  to  be  moved  through  a  certain 
space  into  this  new  position.  Now,  during  this  time,  the  two 
bodies  are  acting  upon  each  other  With  a  certain  accelerative  force, 
which,  in  that  time,  generates  that  motion,  which  is  the  effect  of 
their  natural  impulse.  So  that  it  is  plain  that  this  is  an  effect 
produced  in  time;  and  the  less  the  time,  the  greater  the  force;  and 
if  the  time  be  infinitely  small,  the  force  ought  to  be  infinitely  ereat, 
which  is  imp:  ssible.  But  by  reason  thai  this  eft'ect  is  produced 
in  80  small  a  time  as  to  be  utterly  imperceptible,  so  that  it  caonot 
be  brought  to  any  calculation,  upon  this  account  the' time  is  en- 
tirely set  aside,  and  the  whole  effect  imputed  to  the  force  only, 
which  is  therefore  supposed  to  act  but  for  a  moment. 

The  quantity  of  motion  in  bodies  has  been  proved  to  be  as  the 
velocity  and  quantity  of  matter.    But  the  momentum-  or  quantity 

motion  may  be  the  same  ii»  dtffeTent  bodies,  and  yet  nMP^''llwi# 
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pieces;  and  great  bodies  with  small  Telocity,  to  shake  or  move 
the  whole. 

PROP.  X. 

The  sum  of  tbe  motioks  of  ant  two  bodies  in  any  one 
line  of  direction,  towards  the  same  part,  cannot  br 
changed  by  any  action  of  the  bodies  upon  each  other, 
whatever  forces  these  actions  are  caused  by,  or  the 
bodies  exert  among  themselves. 

Here  I  esteem  progressive  motions,  or  motions  towards  the  same 
part,  affinnative ;  and  regressive  ones,  negative. 

Case  L 

Let  two  bodies  move  the  same  way,  and  strike  one  another 
directly.  Now,  since  action  and  re-action  (by  Ax.  3.)  are  equal 
and  contrary,  and  this  action  and  re-action  is  the  very  force  by 
which  the  new  motions  are  generated  in  the  bodies,  therefore,  (by 
Ax.  2.)  there  will  be  produced  equal  changes  towards  contrary 
parts.  And,  therefore,  whatever  quantiw  of  motion  is  gained  by 
the  preceding  body  will  be  lost  by  the  foUowing  one ;  and,  conse- 
quently, their  som  is  the  same  as  before. 

And  if  tbe  bodies  do  not  strike  each  other,  but  are  supposed  to 
act  any  other  way,  as  by  pressure,  attraction,  i-epulsion,  &c.,  yet 
still,  since  action  and  re-action  are  equal  and  contrary,  there  will 
be  induced  an  equal  change  in  tbe  motion  of  the  bodies,  and  in 
contrary  directions ;  so  that  the  sum  of  the  motions  will  still  re- 
main the  same. 

Case  IL 

Suppose  the  bodies  to  strike  each  other  obliquely ;  then,  since 
(by  the  last  Prop.)  they  act  upon  each  other  in  a  direction  per- 
pendicular to  the  surface  in  wbidi  they  strike,  the  action  and  re- 
action in  that  direction  being  eaual  and  contrary,  the  sum  of  the 
modons,  the  same  way,  in  that  line  of  direction,  must  remain  the 
same  as  before.  And  since  the  bodies  do  not  act  upon  each 
other  in  a  direction  parallel  to  the  striking  surface,  therefore 
there  is  induced  no  change  of  motion  in  that  direction.  And 
therefore,  universally,  the  sum  of  the  motions  will  remsdn  the  same, 
considered  in  any  one  line  of  direction  whatever.  And  if  tbe 
Ixxiies  act  upon  one  another  by  any  other  forces  whatever,  still 
(by  Axi  2,  and  3,)  the  changes  of  motion  will  be  equal  ajid  con- 
trary, and  their  sum  the  same  as  before. 

Cor.  1.  Tbe  mm  of  the  motions  of  any  system  or  number  of  bodies, 
in  am/  one  Une  of  direction,  taken  the  same  way,  remains  always  the 
samCf  whatever  forces  these  bodies  exert  vpon  each  others  esteeming 
contrary  moHons  to  be  negative,  and,  therefore, 
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Cor,  2.  The  sum  of  the  motions  ofaUthe  bodies  in  the  world,  es 
mated  in  one  and  the  same  line  of  direction,  and  always  the  same  wt 
is  eternally  and  invariably  the  same ;  esteeming  these  motions  aff> 
mative  w/uch  are  progressive,  or  directed  the  same  way  ;  and  the  i 
gressive  motions  negative.  And,  therefore,  in  t/Us  sense,  motion  c 
neither  be  increased  nor  diminished  BtU, 

Cor.  3.  If  you  reckon  the  motions  in  all  directions  to  be  i^fim 
tive,  then  the  quantity  of  motion  may  be  increased  or  decretued  an  • 
finite  number  of  ways.  As,  suppose  tico 'equal  non-elastic  bodies 
meet  one  another  with  equal  velocities,  they  will  both  stop  and  lose 
their  motions. 

For  let  M  be  the  motion  of  each,  then,  before  meeting  the  w 
of  their  motions  is  M-f  M;  and  after  their  meetini?,  it  is  o.  B 
in  the  sense  of  this  Prop.M — M  is  the  sum  of  the  motions  bd< 
they  meet,  because  they  move  contrary  ways,  which  is  o;  and  it 
the  same  after  they  meet.  And  thus  a  man  may  put  several  bodi 
into  motion  with  his  hands,  which  had  no  motioti  before;  ai 
that  in  as  many  several  directions  as  he  will. 

PROP,  XL 

The  motions  of  bodies  included  in  a  given  space,  a 
the  same  among  themselves;  whether  that  space  is 
rest,  or  moves  uniformly  forward  in  a  right  line. 

For  if  a  body  be  moving  in  any  right  line,  and  there  be  a 
force  equally  impressed,  both  upon  the  body  and  the  right  line 
any  direction;  and,  in  consequence  of  this,  they  both  move  ui 
formly  with  the  same  velocity;  now,  as  there  is  no  force  to  cai 
the  body  out  of  that  line,  it  must  still  continue  in  it  as  l;efore;  a 
as  there  is  no  force  to  alter  the  motion  of  the  body  in  the  rij 
line,  it  will  (by  Ax.  1.)  still  continue  to  move  in  it  as  before.  I 
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sudi  as  pressure,  gravity,  &c. :  concerning  this  i;tf  viva  tbey  talk  so 
obscurely,  that  it  is  hard  to  know  what  they  mean  it.  But 
they  measure  its  quantity  by  tlie  number  of  springs  which  a  mov- 
ing body  can  bend  to  ths  same  degree  of  tension,  or  break;  whe- 
ther it  be  a  longer  or  shorter  time  in  bending  them.  So  that  the 
vis  viva  is  the  total  effect  of  a  body  in  motion,  acting  till  its  motion 
be  all  spent.  And,  according  to  this,  they  find  that  the  force  (or 
vis  vha)  to  overcome  any  number  of  springs,  vrill  always  be  as 
the  body  muTtiplied  by  the  square  of  tlie  velocity. 

Suppose  any  number  of  equal  and  similar  springs  placed  at 
equal  distances  in  a  right  line^  and  a  body  be  moved  in  the  same 
right  line  against  these  springs;  then  the  number  of  springs  which 
that  body  will  break  before  it  stop,  will  be  as  the  square  of  its  ve- 
locity; whatever  be  die  law  of  the  resistance  of  any  spring  in  the 
severad  parts  of  its  tension;  for,  from  the  foregoing  Prop,  it  ap- 
pears, that  the  swifter  the  body  moves,  so  much  the  less  time  has 
any  spring  to  act  against  it  to  destroy  its  motion;  and,  therefore, 
the  motion  destroy^  by  one  spring  will  be  as  the  time  of  its  act- 
ing; and  by  several  springs,  as  the  whole  time  of  their  acting;  and, 
consequently,  the  resistance  is  uniform.  And  since  the  resistance 
is  uniform,  me  velocity  lost  will  be  as  the  time,  that  is  as  the  space 
directly  and  velocity  reciprocally;  whence  the  space,  and  there- 
fore, the  number  of  springs,  is  as  the  square  of  the  velocity.  And 
upon  this  account  they  measure  the  force  of  a  body  in  motion,  by 
the  square  of  the  velocity.  So  at  last  the  vi$  viva  seems  to  be  the 
total  space  passed  over,  by  a  body  meeting  with  a  given  resistance, 
which  space  is  always  as  the  square  of  the  velocity.  And  this 
comes  to  the  same  thing  as  the  force  and  time  together,  in  the 
common  mechanics. 

Now  it  seems  to  be  a  necessary  property  of  the  visviva^  that  the 
resistance  is  uniform ;  but  there  are  infinite  cases  where  this  does 
not  happen;  and,  in  such  cases,  this  law  of  the  vis  viva  must  fail. 
And  since  it  fiiils  Sn  so  many  cases,  and  is  so  obscure  itself,  it 
ought  to  be  weeded  out,  and  not  to  pass  for  a  principle  in  me- 
chanics. 

Likewise,  if  bodies  in  motion  impinge  on  one  another,  the  con- 
servation of  the  vis  viva  can  only  take  place  when  the  bodies  are 
perfectly  elastic.  But  as  there  are  no  bodies  to  be  found  in  na- 
ture which  are  so;  this  law  will  never  hold  good  in  the  motion  of 
bodies  after  impulse,  but,  in  this  respect,  it  must  eternally  fail. 

This  notion  of  the  vis  vim  was  first  introduced  by  M.  Leibnitz, 
who  believed  that  every  particle  of  matter  was  endued  with  a  liv- 
ing soul. 


SECTION  SECOND. 


THE  LAWS  OF  GRAVITY,  THE  DESCENT  01 
HEAVY  BODIES,  AND  THE  MOTION  OF  PRO 
JECTILES,  IN  FREE  SPACE. 


PROP.  XII. 

The  same  quantity  of  force  is  requisite  to  keep  a  boi 
in  any  uniform  motion,  directly  upwards,  as  is  e 
quired  to  keep  it  suspended,  or  at  rest. 

And  if  a  body  descends  uniformly,  the  same  force  m 

IS  SUFFICIENT  TO  HINDER  ITS  ACCELERATION  IN  DESCENDlA 
IS  EQUAL  TO  THE  WEIGHT  OF  IT. 

For  the  force  of  gravity  will  act  equally  on  the  body  in  m 
state  whether  of  motion  or  rest;  therefore,  if  a  body  is  prcject 
directly  upwards  or  downwards,  with  any  degree  of  velocityi 
would  for  ever  retain  that  velocity  if  it  were  not  for  the  force 
gravity  that  draws'  it  down,  {kf  Ax.  1.)  If,  therefore,  a  force  eqo 
to  its  gravity  were  applied  directly  upwards;  then  (by  Ax.  1 
jthese  two  forces  destroy  each  other's  effects ;  and  it  is  the  sai 
thing  as  if  the  body  was  acted  on  by  no  force  at  all ;  and,  thei 
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Cor.  1.  All  bodies  falling  by  their  own  weighty  gain  equal  velod- 

tie*  in  equal  times. 

Cor.  2.  Whatever  velocity  a  fallimg  botfy  gains  in  antf  time,  if  it 
be  thrown  directly  vpwards,  U  vnU  lose  as  much  in  an  equal  time ;  bjf 
Ax.  12.  And,  thtrefore, 

Cor.  3.  If  a  body  be  projected  vmoards  with  the  velocity  it  ac 
qtared  by  falling  in  any  time;  it  wul,  in  the  same  time,  lose  all  its 
motion.  Hence,  also. 

Cor.  4.  Bodies  thrown  upwards  lose  equal  velocities  m  equal  times, 
PROP,  XIV. 

The  spaces  described  by  falling  bodies  are  as  the  squares 
of  the  times  of  their  falling  frolf  rest. 

For  by  Postal.  3.  graTity  is  a  uniformly  accelerating  force ; 
therefore^  (by  Prop.  \^.)  the  space  described  is  as  the  time  and 
velocity.  But  by  the  last  Prop,  the  time  is  as  the  velocity  ;  and, 
tlievefbre^  the  space  described  is  as  the  square  of  the  time. 

Cor.  1.  The  spaces  described  bu  falling  bodies  are  also  as  the 
squares  of  the  vdocilies  ;  or  the  vewdty  is  as  the  square  root  of  the 
height  fillen. 

Cor.  2.  Taking  any  equal  parts  of  time  ;  then  the  spaces  described 
by  a  fatting  body,  in  each  succesuoe  part  of  time,  wilt  be  as  the  odd 
numbers,  \,  Z,  S,  7,  9, 11»  Sfc, 

Fot,  in  the  times  1,  2, 3,  4,  &c.,  the  spaces  described  will  be  as 
their  squares  1,  4,  9,  16,  &c.  And,  therefore,  in  the  differences  of 
the  times,  or  in  diese  eqoal  parts  of  time,  the  spaces  described  will 
be  as  Ibe  differences  of  the  squares,  or  as  1,  3,  5,  7,  &c. 

Cor.  3.  A  body  moving  toith  the  velocity  acquired  b^  falling 
throu^  any  space,  wiU  describe  twice  tluU  space  in  the  time  of  its 
j^B.TE^Cdr.l.Prop.  VI.  * 

..Cor,:4*  If  a  body  be  projected  upwards  with  the  velocity  it  acquired 
m  falling,  it  wiU,  tn  the  same  time,  ascend  to  the  same  height  itfeU 
from ;  md  describe  equal  spaces  in  equal  times,  both  m  rising  and 
faOing,  but  in  an  inverse  order,  and  will  have  the  same  velocity  at 
every^oint  of  the  line  described* 

For  by  Cot.  2.  of  the  last  Prop,  equal  velocities  will  be  gained 
or  lost  in  equal  times,  (reckoning  from  Che  last  moment  of  the  de- 
scent.) Therefore,  since,  at  the  several  correspondent  points  of 
time,  the  velocities  will  be  e4ual>'  the  spaces  described  in  any  given 
time  vrill  be  equal,  and  the  wholes  equal. 

Cor.  5.  If  bodies  be  projected  upwards  with  amy  velocities,  the 
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heights  of  their  ascent  will  be  as  the  squares  of  tlie  velocitieSy  or  at  i 
squares  of  the  times  of'  their  asceruUtig, 

For,  in  descending  bodies,  the  spaces  descended  are  as  t 
squares  of  the  last  velocities,  by  Cor.  1.  And  by  Cor.  4.  t 
spaces  ascended  will  be  equal  to  those  descended. 

Cor.  6,  Tf  a  bo^  is  projected  ujrwards  with  any  vehcU^j  with  i 
same  velocity  muiimimshedj  it  would  describe  twice  the  space  of 
whole  ascent,  in  the  same  time.  By  Cor.  3.  and  4. 

Cor.  7.  Hence^  also,  all  bodies  from  equal  altitudes  descend  to  I 
surface  of'  the  earth  in  equal  times. 

Scholium. — It  is  known  by  experiments,  that  a  heavy  bo( 
falls  16i*2  feet  in  a  second  of  time,  and  acquires  a  velocity  wbi 
will  carry  it  over  32  i  feet  in  a  second ;  which  being  known,  t 
spaces  described  in  any  other  times,  and  the  velocities  acquire 
will  be  known  by  the  foregoing  propositions;  and  the  central 
These  propositions  are  exactly  tnie,  where  there  is  no  resistan 
to  hinder  the  motion ;  but  because  bodies  are  a  litde  resisted  1 
the  air,  descended  bodies  will  be  a  little  longer  in  falling;  and 
body  projected  upwards,  will  be  something  longer  in  descendii 
than  in  ascending,  and  falls  with  a  less  velocity ;  and,  consequent] 
a  body  projected  upwards  with  the  velocity  it  falls  with,  will  n 
ascend  quite  to  the  same  height;  but  these  errors  are  so  small,  tlu 
in  most  cases,  they  may  safely  be  neglected. 

If  the  force  by  which  a  body  is  accelerated  in  falling  was  d 
rectly  as  the  height  fallen  from ;  it  may  be  computed  (by  Cor. 
Prop.  V.)  that  the  velocity  acquired  will  also  be  as  the  heigfa 
or  the  space  described  directly  as  the  velocity.  And,  therefore, 
bodies  were  projected  upwards,  they  would  in  this  case  ascend 
heights,  which  are  as  the  velocities  with  which  they  are  projecte 
This  beint;;  computed  witli  t  (tr,     o(  the  lu^^t  Prop,  ii  is  easy, 
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PROP.  XV.    irtgmt$6a>id7.  PL  I.) 

L  BOBY  "BE  ntOJBCTED  EITHER  PARALLEL  TO  THE  HORIZON| 
V,  im  AKY  OBI.IQUE  DIRECTION^  IT  WILL,  BY  ITS  MOTION, 
)ESC&IB'B    A  PARABOLA. 

La  AD  l>e  the  direction  of  the  motioD,  AFG  the  curve  de- 
:nbed;  and  let  AB,  BC,  CD,  &c.  be  all  equal ;  draw  AM,  BF, 
Sec.  perpendicular  to  the  horizon ;  and  complete  the  pa- 
rtSk&of^rams,  AF,  AG,  AH,  &c.,  then,  by  Ax.  1.  if  the  body  were 
inAiOQt  gravity,  it  would  move  on  in  the  line  AD,  and  describe 
libeUnes  AB,  BC,  CD,  &c.  in  equal  times.    Now,  since  gravity 
acts  in  lines  perpendicular  to  the  horizon,  it  does  not  affect  the 
modon  in  direcUon  AD,  but  generates  a  motion  in  direction  AM. 
So  that  the  body,  instead  of  being  at  B,  C,  D,  &c.,  will,  at  the 
nme  points  of  time  be  at  F,  G,  II,  Ice.  But  in  the  time  of  describ- 
ing      AC,  AD,  the  body,  by  the  force  of  gravity,  will  descend 
tiuroogbthe  spaces  BF,  CG,  DH ;  wliich  are  as  the  squares  of  the 
times  they  are  described  in,  ^y  Prop.  XIV.)  that  is,  as  the  squares 
of  tibe tines,  AB,  AC,  AD.    But  AB,  AC,  AD,  are  equal  to  KK, 
LG,  MH;  and  BF,  CG,  DH,  equal  to  AK,  AL,  AM.  Tlierefore, 
tiie  parts  of  the  axis  of  the  curve,  AK,  AL,  AM,  &c.  are  respec- 
tively as  the  squares  of  the  ordinates  KP,  LC,  Mil',  &c.  And 
therefore,  by  the  conic  sections,  the  curve  AFG  is  a  parabola. 

Cor.  1.  The  line  of  direction  AD  if  a  tangent  to  the  atrve  in  A. 

And  the  latm  rectum  to  the  point  A  is        or'^-    And  in 

AK  BF* 

the  obliqve  projection,  {Fig,  7.  PL  I.)  the  parameter  is  > 

BF 

sn^pponng  AGP  perpendicular  to  AM,  and.G  the  vertex.  For 
AO»  _AP« 
bF     CG=:GP  * 

Cor,  2.  If  the  horizontal  velocities  of  projectiles  he  the  same, 
whatever  their  elevations  be,  they  will  describe  the  same  parabola. 

For  if  AB  be  the  velocity  and  direction  of  the  projectile,  then 
AO  is  the  horizontal  velocity.  When  the  body  comes  to  the  ver- 
tex G,  its  motion  is  then  parallel  to  the  horizon,  which  parallel 
motion  remains  the  same  as  before,  that  is,  ^qual  to  AO.  There- 
fore it  describes  the  same  parabola,  as  a  body  projected  from  G 
with  the  velocity  AO  parallel  to  the  horizon. 

Cor,  3.  The  velocity  of  a  projectile  in  any  point  o  f  the  curve^  is  as 
the  secani  of  the  angle  o/*  its  direction  above  the  horizon. 

For  AO  the  horizontal  velocity  is  the  same  at  all  points  of  the 
curve ;  and  the  velocity  AB  at  A,  in  the  curve,  is  the  secant  of  the 
angle  of  elevation  OAB. 

Cor,  4.  T/te  velocity  at  any  point  of  the  curve  it  the  same  that  is 
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acquired  by  falling  tfirough  J  tke  parameter  belonging  to  that  poi 
or,  which  is  the  same,  through  ^  of  the  prinapal  latus  rectwn  -f- 
abscissa  to  that  point. 

For  let  I A  be  the  space  fallen  through  to  acquire  the  velodtj 
any  point  as  A ;  then  the  space  AD  described  in  the  same  ti 
with  that  velocity  in  direction  AV,  will  be  2AI  (by  Cor.  3.  Pr 
XIV.)  but  in  the  same  time,  by  the  same  force  of  gravity,  the  be 
will  descend  through  an  equal  space  DII,  therefore  AD  or  MB 

MH»_4AM» 

2DH  or  2AM,  but  the  parameter  rz  -^j^ —  or  4A 

Therefore  AM  or  AI  =  J  parameter. 

PROP.  XVI.    iFig,  7.  PL  I.) 

The  horizontal  distances  of  projections,  made  with  a 
velocities,  and  at  any  elevations,  are  as  the  sines 
the  doubled  angles  of  elevation,  and  the  squares 
the  velocities  conjunctly. 

Let  V  zz  velocity  of  the  projectile  ;  measured  by  the  spaa 
passes  through  in  time  \" , 
f  zz  descent  of  a  body  by  gravity  in  the  same  time, 
X  zi  AE  the  horizontal  distance,  or  amplitude. 

s  =  sme  \  of  the  elevation  VAE. 

c  ^  cosine        S  ^ 

A  —  siwc  >    r  ^j-^g  elevation, 

ozz  vers,  sine     S  ^ 
Then  by  trigonometry,  2sc  r=  A,  and  2ss     B,  when  the  radi 
is  1.    And  in  the  right  angled  triangle  AEV. 

c  :x      (rad.)  1  : —zz  AV,  and 

c 

c  :  X  s    :  fflzzVE. 
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smei  of  ekvatkm^  ami  the  wquares  of  the  velocitie$ ;  or,  as  the  tfened 
thes  of  the  doMed  aHglU  of  etevatkm,  ami  the  §quare$  of  the 
velocities. 

For  if  G  be  the  vertex,  GP  =    CP  =  J  VE,  and  VE  == 

?L  =  ^   Ilieiefoie  GP  =  ^  TherefoieGP 

S        /•      „  if  "s/- 

u  as  wss  or  as  wB. 

Cor.  S.  TV  times  of  jfiight  of  prcjeetUeswre  as  the  velocities,  ami 
the  sines  of  elevation. 

For  the  time  zz. — ^-tt 
^  f 

Cor,  3.  The  greatest  random  or  horizontal  prqfectiony  is  at  the 
ekvatioH  of  45  degrees ;  and  the  horigomtal  distances  are  eqml^  at 
elevations  egualfy  distant  above  or  below  45** 

ScHOUTTM^Let  (  be  the  height  of  the  perpendicular  projection 

w 

with  the  velocity  vi  then  will  A  Whence 
Barizoimtl  distioiee  =r        =        =  Asch  =  2Ah, 
Altitude  of  the  pngjection  =         =        =  «//  =  J  BA. 
Time  ofjlight  =  y  =  ^'\/^J  * 

PROP.  XVIL  PL  I,) 

The  distances  of  projections  made  on  ant  inclined  planes, 
abe  in  the  complicate  ratio  of  the  sines  of  the  angles 
which  the  lines  of  direction  make  with  the  plane  and 
zenith,  and  the  squares  of  the.  velocities,  directly  ; 

AND  THE  COSINES  SQUARED  OF  THE  PLANE'S  ELEVATION 
RECIPROCALLY. 

Let  AE  be  the  inclined  plane,  AV  the  direction  of  the  pro- 
jectile, SA,  CP,  VE,  perpendicular  to  the  horizon ;  AGE  the  path 
of  the  projectile,  aiid  let  v  =:  velocity  of  the  projectile  in  -A, 
measurcKl  by  the  space  it  describes  in  the  times  1.  space 
described  by  a  descending  body  in  the  same  time,  s  ^  sine  of 
VAE.  c=  sine  of  VAS.  =  sine  of  SAE.  j:  =  AE  the 
oblique  distance  or  random. 

Then  by  plane  trigonometry. 

xz 

c  :  X  (AE)  ::  a: :  AV  =  ~,  and 
c  :  jr  ::  »  :  VE  = 

c 
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And  by  Prop.  m. 

xz  xz 

Space  t; :  time  1  : !  (AV)  —  —  —  time  of  describing  A] 
And  by  Prop.  XIV. 

Space  / :  time  i  : :  (VE)  —  •  -tt  =  square  of  the  time  of 

c  jc 

soending  through  VE. 

But  2ie  times  of  describing  AV,  VE,  being  equal,  we  b 

&r     xxzz       <       xzz      ,  8CW      _  _ 

TT-iz  *  or  -TT   ?  whence  jr  -j; — » and  f  beiiMr  a  0 

fc     ccw      f       cw  fzz  »^ 

quantity,  a?  or  AE  is  as 

Cor.  1.  The  heights  above  the  planes  are  as  the  squares  of 
velocities,  the  squares  of  the  sines  of  elevation  above  the  jA 
directly ;  and  the  squares  of  the  cosines  of  the  planers  elevat 
redprocalh/. 

for  if  AP  =:  PEy  then  G  is  the  vertex  of  the  parabola, 
respect  of  the  plane  AE.   And  GP  =  }  VE  =  ^  -^j. 

Cor.  2.  The  times  of  flight  are  as  the  velocities  and  sines 
ekwUion  above  the  pkme,  and  the  cosines  of  the  plants  ekom 
reciprocally, 

^     ,     .     '  ^ 
For  the  time  is  zr     =  -jr* 
cv  jz 

Cor.  3.  HenceyaUo,  the  altitude  is  as  the  square  of  the  time 
flight. 

ssw  sv 

For  the  altitude  is  »  and  the  time  as  — * 

zz  z 

Cor.  4.  The  trrfntfuf  projection  Jtpon  m  tTirlincd  pffirre  ist 
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Beigy  of  ihepnyect'um:=,  ^  = 

^      ^  ^.  .  tv      2s      y  h 

TimerfJUgKt  ^j^-^j. 

tew 

And  if    =  A£  the  length  of  the  projection,  then  -7 —  n:  dy 

jzz 

ydf 

whence  vzzz  And  supposing  the  utmost  random  of 

one  of  our  greatest  guns  to  be  5864  paces,  then  v  =:  194  paces 
zz  324  yards,  so  that  a  ball  shot  out  or  her,  moves  at  the  rate  of 
324  yards  in  a  second.  All  this  supposes,  that  there  is  no  resist- 
ance of  the  medium ;  but  it  may  be  noted,  that,  by  reason  of 
the  air's  resistance,  the  upper  randoms,  being  more  resisted, 
scarce  go  so  fiir  as  the  under  randoms ;  and  the  greatest  random 
upon  a  horizontal  fdane,  is,  therefore,  at  someihing  lets  elevation 
than  45  degrees. 
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An,  Bby  dtscribed  by  these  bodies,  will  be  eqoal ;  coDtequentljry 
the  yelodties  and  qiiantitiet  of  matter  of  A,  being  equal,  their 
momenta,  or  motions,  will  be  equal ;  and,  because  ACB  is  a  right 
line,  they  more  in  a  contrary  direction ;  and,  therefore,  by  Ax. 
9,  these  bodies  cannot,  of  themselves,  raise  one  the  other,  but  must 
jremain  in  equilibrio. 

Cor.  Heneey  egmalfbreeSf  Aj  JB,  applied  at  eoml  dktance*  from 
the  centre  of  fnoficm  G,  loitf  hme  the  mme  effect  in  twmimg  the 

balance. 

PROP.  XIX.  (¥igure»  10.  19.  20.  ontf  12.  Flate$  I.  and  II.) 

In  any  straight  ixvbb,  if  the  power  P  be  to  the  weight 
w  a3  the  distance  of  the  weight  from  the  fulcrum  c 
to  the  distance  of  the  power  from  the  fulcrum,  the 

POWER  AND  WEIGHT  (aCTINO  PERPENDICULARLY  ON  LEVER) 
WILL  BE  IN  BQTILIBRIO. 

A  leyer  is  any  inflexible  beam,  staffs  or  bar,  whether  of  metal 
or  wood,  &c.,  that  can  any  way  be  applied  to  move  bodies. 
There  are  four  kinds  of  levers : 

1.  A  lever  of  the  first  kind  is>  that  where  the  fulcrum  is  between 
the  weight  and  the  power,        10.  P/.  I.) 

2.  A  lever  of  the  second  kind  is,  where  the  weight  is  .between 
the  fulcrum  and  the  power,  (Jis.  19.  P/.  II.) 

3.  The  lever  of  the  third  kind  is,  where  the  power  P  is  between 
the  weight  and  the  fulcrum,  {fig,  20.  P/.  II.) 

4.  The  fourth  kind  is  the  bended  le^er,  {fig.  12.  P/.  I.) 

CASE  I.  {Fltt.  10.  P/.  I.) 
In  the  lever  of  the  first  kind  WCP,  instead  of  the  power  P,  ap 
ply  a  weight  P  to  act  at  the  end  of  CP.  And  let  the  lever  WCP 
be  moved  into  the  position  aCh.  Then  will  the  arches  Wa,P6  be 
as  the  radii  CW^  CP;  that  is,  as  the  velocities  or  the  weight  and 
power.  Whence,  since  P  :  W  : :  CW ;  CP,  therefore  P :  W : ; 
velocity  of  W :  velocity  of  P  :  therefore  P  x  velocity  of  P  :=  W 
X  velocity  of  W.  Consequently  the  momenta  or  motions  of  P 
and  W  are  equal.  And  since  they  act  in  contrary  directions, 
therefore  by  Ax.  9.  neither  of  them  can  move  the  other,  but  they 
will  remain  in  equilibrio. 

CASE  II.  {Figures  19  awrf  20.  PL  II.) 
The  levers  of  the  second  and  third  kind  may  be  reduced  to  the 
first,  thus ;  make  Cp  zz  CP,  and  instead  of  the  power  P,  apply  a 
weight  equal  to  it  at  p.  Then  by  Case  I.,  the  weight  W  and 
power  p  will  keep  one  another  in  equilibrio ;  and  (by  Cor.  Prop. 
XVIII.)  the  weight/)  and  power  P  will  have  the  same  effect  in 
turning  the  lever  about  its  centre,  therefore  the  power  P  and 
weight  W  will  be  in  equilibrio. 
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Cor.  1.  (Figures  10, 11, 12, 13, 14, 15, 16.)  In  $ort 
lever y  whether  straight  or  bended,  and  whether  moveable  about  a  un^ 
point  C,or  an  axis  AB ;  or  whether  the  lever  hefixed  to  the  axU  a 
both  together  moveable  about  two  centres  A,  B ;  or  whateoerfifi 
the  levers  have;  if  AB  be  a  right  line,  and  from  the  ends  P,  W,  tkt 
be  drawn  lines  to  the  centre  C,  or  perpendiculars  to  the  axis  A3 
and  if  the  power  and  weight  act  perpendicular  to  these  Unes^  mid 
always  reciprocal^  as  titese  distances  drawn  to  the  centre  C  or  a 
AB ;  then  they  will  be  in  equilibrio. 

Cor.  2.  (;Figures  17  and  18.)  In  any  sort  of  leverV^CP,  emd 
whatever  directions  the  power  and  weight  act  on  it;  if  their  quantit 
be  recwrocallyas  the  perpendiculars  to  their  several  lines  ofdirectii 
let  fau  from  the  centre  of  motion,  they  wUl  be  in  equiUbrio^  Or  ih 
will  be  in  equilibrio,  when  the  weight  multipUed  by  its  distance,  andi 
S.  angle  of  its  eUrection,  is  equal  to  the  power  muitiplied  Im  its  dkt«m 
and  S.  Z.  of  its  directum,   W  x  WC  X  S.DWC=P  X  PC  X  S.EP 

For  the  power  and  weight  will  be  in  equilibrio  if  they  be  8U 
posed  to  act  at  E  and  D;  and  (by  Ax.  14.)  it  is  the  same  tfaii 
whether  they  act  at  £  and  D,  or  at  P  and  W.  Also  by  trigoa 
metiy,  WC  x  S. W=:DC,  and  PC  x  S.P=CE. 

Cor.  3.  Hence  imiversally,  if  any  force  be  applied  to  a  lever, 
effect,  in  moving  the  'lever,  will  be  as  that  force  multiplied  by  the  d 
tance  of  its  line  of  direction  from  the  centre  of  motion.  Orthe  efft 
isastHeforc£  X  by  its  distance  from  the  centre,  and  by  the  sine 
the  angle  of  its  direction,  P  X  PC  X  S.P. 

Cor.  4.  If  two  bodies  be  in  eqtulibrio  on  the  lever,  each  weight 
reciprocally  as  its  distance  from  the  centre. 

Cor.  5.  In  the  straight  lever  when  the  weight  and  power  are 
equilibrio,  and  act  perpendicularly  on  the  lever,  or  in  parallel  din 

tions;  then  of  these  three  the  powers  weight ^  and  jiremire  upon  i 
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For  Hie  finoe  of  eadi  wmfat  to  move  the  lever  is  at  the  weq^ht 
multiplied  by  the  distance  (by  Cor.  3.  last  Prop.);  And  the  sum  of 
tiie  products  is  as  the  whole  forces ;  which  it  they  be  equal,  the 
farces  on  both  sides  are  equal,  and  die  lever  remains  at  rest. 

PROP.  XXI.    iFig.  22.  PI.  II.) 

If  a  bevded  lever  WCP  be  eept  ik  equilibeio  by  two 
POWERS,  Acniro  in  the  directions  PB,  WA  perpkndicv- 

LAB  to  the  ends  of  the  lever  CP,  CW  ;  AND  IP  THE 
LINES  OF  DIRECTION  BE  PRODUCED  TILL  THEY  MEET  IN  A, 
AND  AC  BE  DRAWN,  AND  CB  PARALLEL  TO  WA;— I  SAT 
THE  POWER  P,  THE  WEIGHT  OR  POWER  W,  AND  THE  FORCB 
ACTING  AGAINST  THE    FULCRUM  C,  WILL  BE  RESPECTIVELY 

AS  AB,BC,AC;  and  in  these  very  directions. 

Draw  CB,  CF  paralld  to  WA,  PA ;  then  the  angle  WFC  = 
WAF^CBP,  and  the  risht  angled  triangles  WCF  and  BCP  are 
similar;  whence  CF  :  CB::  CW :  CP  ::  (by  Cor.  2.  Prop. 
XIX.)  power  P:  power  W.  Now  since  (by  Ax.  14.)  it  is  the 
same  tfau^  to  what  points  of  the  lines  of  direction  PB,  WF,  the 
forces  P,  W  be  appbed ;  let  us  suppose  them  both  to  act  at  the 
point  of  intersection  A ;  then  since  tne  point  A  is  acted  on  by  two 
forces  which  are  as  CF  and  CB,  or  as  AB  and  AF;  and  both 
these  are  equivalent  to  the  single  force  AC  (by  Cor.  2.  Prop.  7.) 
Therefore  me  fulcrum  C  is  acted  on  by  the  force  AC,  and  in  that 
direction,  by  Ax.  11. 

Cor.  1.  Hence  the  power  P,  the  toeight  W,  and  the  nresture  the 
fdcnm  C  nutaim;  are  respecthefy  at  WC,  PC,  and  PW.  That 
itf  amf  one  it  at  the  dittance  of  the  other  two. 

For  since  the  angles  at  P,  W  are  right ;  CA  is  the  diameter  of 
a  circle  passing  through  the  points  A,  P,  C,  W ;  therefore  the 
angle  WPC=WAC=ACB,  and  the  angle  CWP=CAP;  there- 
fore the  triangles  ABC,  WCP  are  similar;  and  AB  :  BC  :: 
WC  :  CP,  and  BC  :  AC  ::  CP  :  PW.   Therefore,  &c. 

Cor.  2.  In  any  lever  WCP,  the  linet  of  direction  of  the  powert 
PW,  WF,  and  of  the  pretture  on  the  fulcrum  C,  aU  tend  to  one 
point  A. 

For  if  not,  the  lever  would  not  remain  in  equilibrio. 

PROP.  XXII.   iFig.  23.  PI.  II.) 
If  AB,  CD,  be  two  levers  moveable  about  A  and  C,  and 

SOME  force  acts  UPON  THE  END  B  OF  THE  LEVER  AB,  IN  A 
GIVEN  direction  BF  ;  WHILST  THE  LEVER  AB  ACTS  UPON  CD 
AT  F:  IF  BE  BE  DRAWN  PERPENDICULAR  TO  CB,  AND  A£ 
'  PARALLEL  TO  BF  :  AND  IF  THESE  LEVERS  KEEP  ONE  ANOTHER . 
IN  EQUIUBftIO:— THEN  I  SAY,  THE  FORCE  IN  DIRECTION  BF, 
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FORCE  AGAINST  DC  IN  DIBECTION  EB,  AND  THE  PRESSU 
AGAINST  TUE  CENTRE  A,  ARE  RESPECTITELt  AS  AE,  BE,  AJE 

For  since  (by  Prop.  IX.)  the  lever  AB  acts  upon  BC  at  B, 
the  direction  EB  perpendicular  to  BC  ;  and  the  lever  CD  re-a 
in  direction  BE ;  and  (by  Ax.  19.)  the  point  A  is  acted  on  in 
rection  BA.  Therefore  the  point  B  is  acted  on  with  three  foro 
BF  the  force  applied  at  B,  and  BE  the  re-action  of  the  lever  C 
and  AB  the  re-action  of  the  centre  A ;  and  AE  is  parallel  to  £ 
therefore  (by  Prop.  VIII.)  these  forces  are  as  AE,  BE,  9 
AB. 

Cor.  JJ  two  forces  BF,  BE,,  acting  perpendicular  to  the  let 
AB,  DC,  keep  these  levers  in  equilihrio.  The  force  force  1 
and  pressure  at  A,  are  respectively  as  radius,  Cos.  ABD,  < 
S.ABD. 

For  then  EAB  is  a  right-angled  triangle ;  and  these  forces 
as  BE,  AE,  and  AB ;  that  is,  as  radius,  S.ABE^  and  S.AE 
that  is,  as  radius,  Cos.  ABD,  and  S.ABD. 

PROP.  XXIII.  (Fi^.  24.  PI.  11.) 
If  AB,  BC  be  two  levers  moveable  about  the  centres  A  j 
C;  IF  the  circles  KBM  and  DBE  be  described  with: 
RADII  BC,  BA;  and  upon  the  circle  BM  as  a  base,  w 
the  generating  CIRCLE  DBE,  the  epicycloid  BNE  be 
scribed;  and  the  lever  CB  and  epicycloid  BNE  be  jc 

ED  together  in  THAT  VERY  POSITION,  SO  AS  TO  MAKE  BUT  i 

continued  lever  CBNE.    And  if  these  levers  CBl 

AND  AB  MOVE  ABOUT  THE  CENTRES  C,  A  ;  SO  THAT  THE  EN] 
OF  THE  LEVER  AD  BE  ALWAYS  IN  THE  CURVE  OF  THE  EPl 
CLOID  DK;  I  SAY,  THAT  TWO  EQUAL  AND  CONTRARY  FORCES 
D  AND  K,  ACTING  PERPENDICULAR  TO  THE  RADII  DA,  ] 
WILL  ALWAYS  KEEP  THESE  LEVERS  IN  EQUILIBRIO. 

For  let  Olfi  levern  AB,  CBNE  come  into  ihe  position  i 
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Cor.  3.  (Fig.  25.  VhU.)Aftera  like  manner  if  BFshean  qntycloifi 
deMcribed  within  the  circk  BKM,  hf  the  genrratinfi  circle  HI) ;  and 
the  lever  CBE  be  compounded  of  the  right  line  CH  and  the  epicifcloiil 
BE;  then  the  levert  CBE  anJ  AB,  6y  eifmlforcn  acting  at  U,  triV/ 
keep  one  another  in  eqmlibrio  in  any  ponition^' as  C'KF  and  A1). 

For  when  AB  is  come  to  AD,  and  CUE  to  CKDF;  tluni  tlif 
arch  BK  =  arch  BD.  Whence  the  weight  or  forces  actiiii;  at  the 
distances  CB,  AB,  have  equal  velocities ;  and,  therefore,  will  sus- 
tain one  another. 

Cor,  4.  (Fig.  26.  R.  II.)  I/BCbe  infinite.or  {which  it  theatunf 
thing)  i'/'BK  he  a  right  line  perpendicular  /<>  AB  ;  then  BKor  KDF 
will  be  the  common  cycloid.  There  forty  whilst  the  point  I)  moves  uni- 
formfy about  the  centre  A,  the  jwint  K  will  move  uniformly  along  the 
right  line  BK,  and  with  equal  vihtcitiex  and  fin-ces  :  tht  ' unnt  D  in 
thR  mean  time  acting  upon  the  cycloulal  tooth  KD.  Ana  any  equal 
opposite  forces  will  sustain  one  another. 

In  like  manner,  (Fig.  27.  PI.  II.)  i^*  B A  Ite  infinite,  or  BD  a  right 
Gne  perpendicular  to  BC ;  then  BE  or  DK  will  he  an  epicycloid ge-- 
nerated  by  the  tangent  DB  revolving  on  the  circle  BK.  And  the  ve- 
locities  of' Kin  the  right  line  BK,  and  of  D  in  the  right  line  BD, 
will  be  always  equal:  and  equal  forces  will  be  sustained  at  B,  in  all 
posititms  of  the  lever  CKD. 

Cbr.5.  (Fig.  1.  PI.  III.)  If  the  figure  of  the  tooth  efattheendofthe 
lever  AB,  be  given;  and tluc epicycloid BVibi'  descrilied  as  btfore.  And 

the  levers  AD,  CB,  be  made  to  revolve  about  their  centres  A,  C ; 
so  that  the  point  B  always  move  in  the  epicycloid  BE  or  KD.  And 
if  the  tract  of  the  extreme  points  of  the  tooth  be  marked  out  upon  the 
plane  of  the  cycloitkU  tooth,  as  fgggge  or  fnnnne.  And  if  the  part 
fgDdif  be  cut  away,  if  the  tooth  be  to  act  on  the  concave  side  of  the 
epicycloid;  orfne  D</k/J  if  on  the  convex  side.  Then  if  the  levers 
revolve  so  thai  the  tooth  wove  along  the  curve  gg  or  nn ;  the  points 
D  and  K  of  the  levers  AB,  CD,  will  nnwe  with  equal  velocities,  in 
Hie  arches  dD,  BK,  as  before.  For  the  fixed  point  B  in  the  tooth 
will  still  describe  the  epicycloid. 

.  Cor.  6.  (Fig.  2.  PL  III.)  If  the  two  epicycloids  BE,  BO,  be  dacnbed 
upon  BM,  BL,  with  the  generating  circles  BD,  BK ;  and,  the  levers  AB, 
CB,  revolve  about  the  centres  A,  C;  so  that  the  point  B  or  Y)  of  the 
lever  AB  move  along  the  epicycloid  BE  or  KDS.  Then  the  point  B  or 
K,  of  the  lever  CB,  wUt  at  the  same  time  move  along  the  epicycloid 
BO  or  DKT  ;  and  the  points  D,  K,  will  describe  the.  equal  arches 
BD,  BK.  And,  therefore,  it  is  the  same  thing  on  which  lever  the 
keloidal  tooth  be  placed,  or  whether  on  one  or  both. 

For  the  epicycloid  DKT  generated  on  DB,  will  pass  through 
K,  if  BDrrBK.   Also  the  epicycloid  KDS,  generated  upon  KB, 
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$CHOLiTJM.^E^es  24  (md25.  PL  II.)  Theleveis AByCB^aie 
supposed  only  to  act  upon  one  another,  below  the  line  AC ;  for  wit 
the  action  supposed  to  be  continued  above  the  line  AC,  the  pokit 
B  would  no  longer  act  on  the  same,  but  oh  a  different  epicycaoid; 
and  the  equality  of  motion  would  hold  no  longer. 

PROP.  XXIV.  {Fig.  3.  PL  III.) 

In  the  wheel  and  axle,  if  the  power  P  be  to  the  weiost 
W,  AS  the  diameter  of  the  axle  EF  where  the  weight 

▲GTS,  TO  the  diameter  OF  THE  WHEEL  A6,  WHERE  THE  POWEB 
acts;  THEN  THE  POWER  AND  WEIGHT  WILL  BE  IN  EQUILIBBIO| 
AND  THE  CONTRARY. 

For  kt  AB  be  the  wheel,  CD  the  axle;  and  suppose  the  whed 
and  axle  to  turn  once  round  ;  then  it  is  plain  the  power  P  will 
have  descended  a  space  equal  to  the  circumference  of  the  wheel ; 
and  the  weight  W  will  have  risen  a  height  equal  to  the  circum- 
ference of  the  axis.  Therefore,  velocity  of  P,  to  veloci^  of  W 
as  circumference  of  the  wheel,  to  circumference  of  the  axis;; 
or  as  diameter  of  the  wheel  to  diameter  of  the  axis  ; ;  tlutt. 
is  (by  supposition)  as  W  to  P.  Therefore  the  motions  of  P  and 
W  are  equal ;  and  have  equal  forces  to  move  each  other ;  and 
therefore  (by  Ax.  9.)  will  remain  in  equilibrio. 

This  Prop,  will  appear  otherwise.  For  the  wheel  and  axle 
may  be  reduced  to  a  lever  of  the  first  kind :  for  the  fulcrum  will 
be  in  the  middle  of  the  axis  CD.  Therefore,  drawing  lines  from 
the  middle  of  the  axis  to  the  power  and  weight,  parallel  to  die 
horizon  ;  and  the  radius  of  the  wheel  will  be  the  distance  of  the 
power,  and  the  radius  of  the  axle  the  distance  of  the  weight.  And^ 
as  their  radii  are  reciprocally  as  the  weight  and  power,  therefore 
(by  Prop.  XIX.)  they  will  be  in  equilibrio.  And  thus,  the  vidieel 
and  axle  is  no  more  but  u  perpetual  lever. 
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Cor.  4.  And  ii  k  the  mm  tkmg,  ifhutead  of  a  wheel  there  he 
onfy  mketjixed  m  the  axUy  whote  length  U  equal  to  the  radim  oftke 
wteei:  md  other  equal  force  be  ^plied  for  a  power,  m$ttad  of 
theweif^F. 

Cor.  5.  7^  fo;^  of  the  weight  ii  increased  when  one  or  more 
tpires  of  the  rope  is  fo&d  about  the  axle.  For  that,  in  effect^  aug- 
meatB  the  diameter  of  the  axle. 

Cor.  6.  If  matters  not  how  low  the  weight  hangs.  For  whilst  the 
axle  remains  the  same,  the  resistance  of  the  v?eight  remains  the  same, 
setting  aside  the  weight  of  the  rope. 


Let  NBDy  MBK  be  two  tootoed  wheei^s  in  the  same  plank, 
Aim  IP  the  teeth  of  the  wheel  BM  be  the  epicycloids  Be, 

hd,  KD,  DESCRIBED  ON  THE  BASE  KBM,  WITH  THE  GENERATIMO 
CIRCLE  BN,  AND  THESE  TEETH  ALL  EQUIDISTANT  ;  AND  IF  B^ 
d,  D,  THE  ENDS  OF  THE  TEETH  OF  THE  WHEEL  NBD  BE  ALSO 
BQUIDrSTAVT,  AND  THESE  DISTANCES  Bd,  dLk  EQl'AL  TO  Bk,  kK. 

Then,  I  sat,  the  points  of  the  teeth  B.  d,  D,  will  all  act 

TOGETHER,  ON  THE  CYCLOIDAL  TEETH  B£,  kd,  KD,  AS  THE 
WHEELS  TURN  ROUND.  AnD  ANY  POINTS  D,  K,  WILL  MOVE 
THROUGH  EQUAL  ARCHES  BD,  BK  IN  EQl'AL  TIMES. 

Draw  the  radii  AD,  Ad,  CK,  and  Ck  ;  then  AD  and  CKD 
may  be  considered  as  two  lexers  moying  about  A,  C,  and  acting 
on  one  another  in  D :  and  the  same  of  Ad,  Ckd,  acting  at  d.  But 
by  ihe  motion  of  the  wheels  BD,  BK,  suppose  D  adways  to  be 
in  the  epicycloid  KD;  dien  (Cor.  1.  Prop.  XXIII.)  will  BD= 
BK,  and  since  Dd  =  K^  ^emore  Bd  will  be  =  B^,  and  conse- 
quently (by  Cor.  1,  Prop.  XXIII.)  the  point  d  will  be  in  the 
epicycloid  kd.    And  thus,  if  there  be  never  so  many  teeth 


doids  BE,  kd,  KD,  &c.  Therefore  the  working  teeth  either  net  all 
at  once  upon  one  another,  or  they  act  not  at  all.  And  as  the  ve- 
locities of  any  points  are  equal  in  the  two  wheels  BD,  BK,  when 
only  one  tootfi  acts  upon  one,  they  will  still  be  equal,  if  never  so 
many  act  together. 

Cor.  1 .  Hence  equal  weights  or  forces  applied  to  the  circumfer* 
ences  of  these  two  wheels,  as  at  B,  ojid  acting  one  against  the  other, 
will  keep,  these  wheels  in  equilibrio.  LikewisCf  it  is  the  same  thing 
whether  the  wheel  AB  drive  the  wheel  CB,  its  teeth  acting  upon  the 
concave  side  of  the  cycloids;  or  the  wheel  CB  drive  AB,  the  convejf 
side  of  the  cycloid  acting  against  the  teeth  of  AB. 

Cor.  2.  (Fig.  7.  PI.  III.)  Hente,  instead  of  the  points  B,  or  the 
infinitely  small  teeth  of  thewheel  ABD ;  if  any  sort  of  a  tooth  rs  be 


PROP.  XXV.  {Fig.  6.  Fl.  III.) 


curves  of  the  epicy- 
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placed  at  B;  arid  if  the  wheeh  he  made  to  move  about  90  thai  thegk 
point  B  may  describe  the  epicycloid  BE  or  KD,  whilst  the  track 
the  extreme  points  of  the  tooth  is  marked  out  asKeD^  K/*D;  and  1 
space  KeD/'  he  cut  away;  and  the  same  he  done  for  all  the  other  tee 
being  tquidhtant  and  of  the  same  form  and  bigness.  Hien  if  am 
these  wheeh  is  supposed  to  drive  the  otiter,  by  these  teeth  running 
the  spaces  I)/'Ke;  2  say,  the  circunrferences  of  these  wheels  willm 
with  equal  velocities,  and  all  the  working  teeth  will  act  togeth 
This  is  evident,  because  the  points  B,  D,  will,  by  this  motion,  i 
scribe  the  epicycloids  as  before. 

Cor.  3.  (Fig.  8.  PI.  III.)  If  the  epicycloid  BV  be  described  on  i 
base  KBliytuith  the  generating  circle  BD ;  and  a  portion  of  the  epi 
chid  be  placed  at  equal  distances  B,L,K, /br  teeth;  then  the  teeth 
the  wheel  A  acting  against  the  cycloidal  teeth,  will  make  the  moti 
equal  in  the  two  wheels.  Where  we  may  take  as  great  a  portion 
the  cyclopias  toe  will;  and  tlie  sides'QO,  LI,  wluch  act  not y  may  hi 
ajiyjfigure,  not  to  hinder  the  motion  of  the  teeth  of  A.  And  it  is  i 
same  thing  what  part  of  the  tooth  LO,  the  tooth  G  acts  against. 

Cor,  4.  But  the  teeth  ought  not  to  act  upon  one  another  befi 
they  arrive  at  the  line  AC,  which  joins  their  centres.  And  thou 
the  side  BO  of  the  tooth  may  be  of  any  fo^m;  yet  it  is  better 
make  them  both  s'ulcs  alike,  which  will  serve  to  make  the  wheels  ti 
backwards.  Also  a  part,  as  pqr,  may  be  cut  away  on  the  back 
every  tooth,  to  make  way  for  those  of  A.  And  the  more  teeth  tl 
work  together,  the  bette?- ;  at  least  o^e  tooth  should  always  begin  1 
foi'e  the  ot/ier  hath  d/me  working :  tfie  teeth  ought  to  be  disposed 
such  manner  as  not  to  trouble  or  hinder  one  another,  before  they  i 
gin  to  work;  and  that  there  be  a  convenient  length,  depth,  € 
thickness  given  them,  that  they  may  more  easily  disengage  themseh 
as  well  as  for  strength. 

[MEOP  XXVI.  (Fi^-.  1  PL  IV.^ 
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For' die  eofds  inpply  tke  plaoe  of  teeth. 

Cor.  %  O^g- 1-  PI*  ^  combmaiwn  of  vkitb  with  teetk^ 

if  tht  power  V  be  to  the  weight  Vf  ;  oi  the  diameter  of  the  axle  V 
trtim  the  weight  acttj  multiplied  into  the  product  of  the  teeth  in  each 
pmkm  or  qtkSky  igioihe  dwmeter  of  the  wheel  A,  where  the  power 
aet$,multqiliedl^  the  product  of  the  teeth  in  each  of  the  which  (^that 
ike  jmuons  act  against);  the  weight  and  power  will  be  in  cquHibrio. 

For  the  number  of  teeth  in  each  wheel  and  pinion  tliat  act 
against  one  another  are  as  the  circumferences  or  as  the  diameters 
of  that  wheel  and  pinion. 

Cor.  3.  And  hence  alsOf  if  the  power  be  to  the  weighty  in  a  ratio 
compounded  of  the  diameter  of  the  axle  V,  where  the  weight  acts  to 
the  diameter  of  the  wheel  A,  where  the  power  act*,  and  the  ratio  of 
the  number  of  teeth  in  thefrtt  axle,  (B),  reckoning  from  the  pinc<r ; 
to  the  number  of  teeth  m  the  tecond  wheel  (C),  and  of  the  nmnber  of 
teeth  m  the  second  axle  (D),  to  the  number  m  the  third  wheel  (E)' ; 
omd  man  till  the  latt;  thm  they  will  be  m  equilibrio. 

Cor,  4.  In  a  combination  of  wheels,  the  number  of  revolutions  of 
^  wheel  F  where  the  weight  acts,  to  the  number  of  revolutions  of 
the  wheel  A  v^iere  the  power  acts,  in  the  same  time ;  is  as  the  pro^ 
duct  of  the  teeth  in  the  pimons,  to  the  product  of  the  teeth  in  the 
whom  which  act  m  them  ;  or  as  the  product  of  the  diameters  of  the 
pktionsy  to  the  product  of  the  diameters  of  the  wheels. 

Scholium. — ^Wheds  with  oblique  teeth  come  under  the  same 
rules ;  but  as  they  are  related  to  the  screw,  we  refer  you  thither  for 
a  fiulher  account  thereof. 

Id  wheels  whose  teeth  work  together,  they  should  not  encounter 
before  they  come  to  the  line  joining  their  centres ;  because  the 
rubbing  is  greater  on  that  side ;  but  being  past  the  line,  the  teeth 
slip  easily  along  one  another,  in  making  their  escape,  so  that  the 
friction  is  very  inconsiderable. 

PROP.  XXVn.   {Figures  4  and  5,   PL  IV.) 

If  ▲  POWER  SUSTAIK  A  WEIGHT  BT  MEANS  OF  A  ROPE  GOING  OVER 

a  fixeo  pulley  ;  then  the  power  is  equal  to  the  weight. 
But  if  the  pullet  be  moveable  together  with  tAe 
weight,  and  the  other  end  of  the  rope  fixed  ;  then  the 

power  will  be  but  half  THE  WEIGHT. 

For  suppose  a  horizontal  line  A6  drawn  through  the  centre  of 
Ae  pdlley  C ;  then  that  line  will  represent  a  lever,  and  (in^.  4.) 
where  the  pullev  is  fixed,  the  centre  C  being  kept  immoveable, 
lepresents  the  nilcrum;  whilst  the  weight  acts  at  B,  and  the 
power  at  A.  And  because  BC  =:  CA,  therefore  (by  Prop.  XEX.) 
the  power  P  is  equal  to  the  welglit  W. 
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And  (in  Jig,  5.)  the  fixed  point  B  is  the  fulcraniy  and  t 
weight  acts  at  C,  and  the  power  at  A ;  and  since  BC  is  half  A 
therefore  (by  Prop.  XIX.)  the  power  at  P  is  half  the  wei^^  W. 

Cor.  (Fig.  6.  PI.  IV.)  Hence  all  fixed  puUies  are  eqidwilent 
levers  of  the  first  kind.  And  they  add  no  new  force  to  the  power,  i 
only  serve  to  change  the  direction,  and  facilitate  the  motion  of  \ 
rope  :  but  a  moveable  pulley  doubles  the  force.  And  if  a  ropegQ  oi 
several  puUies,  A,  B,  C,  whose  blocks  are  all  fixed  ;  the  power 
neither  ina-eased  nor  diminished, 

PROP.  XXVIII.     iFig.  7.  PL  IV.) 

In  a  combination  of  pullies  all  drawn  by  one  runni 
rope  ;  if  the  power  p  be  to  the  weight  w  ;  as  1  to  t 

NUMBER  OF  PARTS  OF  THE  ROPE  AT  THE  MOVEABLE  BLOCK  j 
THEY  WILL  BE  IN  EQUILIBRIO. 

For  (by  Ax.  18.)  all  the  parts  of  the  rope  iw,  o,  n,  r, »,  v;i 
equally  stretched ;  and  the  weight  W  is  sustained  by  die  numi 
of  ropes  that  act  against  the  moveable  block ;  and  the  rope  v 
the  power  P  acts  with  the  force  of  one  or  unit.  Hierefore  1 
power  is  to  the  weighty  as  1  to  the  number  of  ropes  pulling  at  1 
moveable  block  A. 

Cor.  Hence  the  power  is  to  the  force  by  which  the  immovea 
block  B  is  drawn ;  aslto  the  number  of  ropes  acting  against  t 
immoveable  block, 

PROP.  XXIX.  {Fig.  2.  p/.  rv.) 

In  THE  SCREW,  IF  THE  POWER  P  BE  TO  THE  WEIGHT  W,  AS  T 
HEIGHT  OF  ONE  THREAD  (RECKONED  ACCORDING'  TO  THE  LEVO 
OF  THE  SCREW)  TO  THE  'CIRCUMFERENCE  DESCRIBED  BY  O 
REVOLUTION  OF  THE  POWER ;  THEN  THEY  WILL  BE  IN  EQUI! 
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For,  in  one  lemhitkni  of  P,  the  wheel  DC  with  the  weight 
has  ipofed  the  distance  of  one  tooth. 

Got.  2.  And  wuvenalfyj  if  there  be  uvend  wprm  or  ipiral  leoMi^ 
man  the  axis  ABy  and  ike  weight  G  hangs  upon  the  axle  EF.  Then 
poioerV,  it  to  the  weight  G  :i  as  the  radius  of  the  axle  EF 
X  mmdfer  of  worms  m  AUf  to  AP  X  number  of  teeth  in  CD. 
nen  the  power  and  weight  are  m  eaniiibrio.  For  6y  Cor,  3. 
Phm.  XXVI.,  ifn  be  the  ntimber  of  worms,  Mm  P  :  G  ::  a  X 
}  EE  :  AP  X  teeth  in  CD. 

Cor.  3.  (Fig.  1 .  PI.  V.)  And  by  reason  of  the  obliquity  of  the  teeth^ 
the  force  acting  perpendicular  to  the  teeth,  the  lateral  firce  perpendi" 
esiar  to  the  uXeel,  and  thedbrect  force  in  the  plane  of  the  wheel;  will 
he  respedioefyy  as  radius,  the  sine,  and  cosine  of  the  obliquity  of  the 
teeik. 

Tm  let  GD  be  the  side  of  a  tooth  acted  on:  GE  parallel  to  the 
axis  of  the  wheel,  and  DE  perpeDdicular  to  it,  or  in  the  plane  of 
the  wheel.  Now,  if  GD  represent  the  force  acting  pernendicular 
to  tooth.  Then  DE,  G£,  will  be  the  forces  actmg  in  the  di- 
rections  G^  Dl^  (by  Cor.  1.  Prop.  VIII.)  but  if  GD  be  radius, 
DE  is  the  sine  of  the  obliquity,  and  GE  the  cosine. 

Cor.  4.  In  the  common  screw  the  leu  the  distances  of  the  threads 
are,  and  the  longer  the  handle  is,  the  easier  any  given  weight  is 
moved. 

Cor.  5.  What  is  here  demonstrated,  will  hold  equally  true,  if  the 
wheel  CD  act  upon  another  wheel  with  oblique  teeth,  instead  of  the 
foormAB. 

ScBOLivii. — The  force  of  the  screw  resembles  the  force  that 
drives  a  body  up  an  inclined  plane ;  the  force  acting  parallel  to 
die  base  of  the  plane. 

All  things  here  laid  down  relating  to  the  perpetual  screw,  do 
suppose  that  the  axis  of  the  worq^  spindle  lies  in  the  plane  of  the 
wheel  it  works  in,  and  that  their  axles  are  perpendicular  to  each 
odier;  but  if  they  are  in  oblique  position,  and  tne  teeth  of  one  or 
both  also  oblique,  they  cannot  work  without  loss  of  power;  apart 
being  lost  proportional  to  the  obliquity. 

If  any  worm  spindle  contains  one  leaf  or  worm,  then  a  spindle 
of  twice  the  diameter  will  require  two  worms,  and  one  of  thrice 
die  diameter,  three  worms,  &c.,  to  work  in  the  same  wheel ;  and 
the  power  is  best  estimated  by  the  rise  or  fall  of  a  tooth  of  CD 
1.)  for  a  revolution  of  the  power  P. 

PROP.  XXX.  iFig.  3.  PL  V.) 

Let  "EFG  be  the  back  ob  base  of  ▲  wedoe  in  form  of  ax  iso- 
celes  triangle  ;  then  if  the  power  acting  perpendicular 

TO  THE  BACK  FG,  IS  TO  THB  FORCE  OR  RESISTANCE  ACTING 
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AGAINST  EITHER  SIDE,  IN  A  DIRECTION  PERPENDICULAR 
THAT  SIDE  ;  AS  THE  BACK  QF  THE  WEDGE  FG,  TO  EITHER  OF  T 
SIDES  EF,  EG  :  then  the  wedge  is  in  EQUILIBRlb,-  C 
WHICH  IS  THE  SAME  THING,  THE  POWER  IS  TO  THE  WHOLE  B 
SISTANCE  AGAINST  BOTH  SIDES,  AS  THE  BACK  FG,  tO  THE  SI 
OF  THE  SIDES  EF,  EG. 

For  draw  the  axis  ED  perpendicular  to  the  base  FG ;  and  C. 
CB,  perpendicular  to  the  sides  EF,  EG ;  then  DC  is  the  directi* 
of  the  power.  And  (by  F^rop.  IX.)  the  impedimeat  to  be  i 
moved,  acts  against  the  wedge  in  the  directions  AC,  BC ;  an 
therefore,  (by  Cor,  1.  Prop,  VIII.)  the  power,  and  the  actions 
the  impediment,  are  as  Fu,  FE,  EG  respectively,  when  they  a 
in  equilibrio. 

Cor.  1 .  The  power  acting  perpendicular  to  the  base,  is  to  thefm 
acting  against  either  side,  tn  a  direction  parallel  to  the  base  FG, 
perpendicular  to  the  ,  axis  DE ;  as  the  base  FG,  to  the  lieight  £1 
when  the  wedge  is  in  equilibrio,  or  the  power  is  to  the  wftoU  Jon 
against  both  sides  {in  direction  parallel  to  FG)  as  the  back  FG^ 
twice  the  height  DE. 

For  the  force  EG  may  be  divided  into  the  two  ED,  DG,  (I 
Cor.  3.  Prop.  VII.)  Thetf  since  (by  this  Prop.)  EG  is  the  for 
acting  in  direction  CB ;  ED  will  be  the  force  acting  in  directi< 
DG. 

Cor.  2.  The  sharper  the  wedge,  or  the  more  acute  its  angle,  t 
easier  it  will  divide  any  thing  or  overcome  any  resistance. 


SECTION  FOURTH. 


THE  DESCENT  OF  BODIES  UPON  INCLINED 
PLANES,  AND  IN  CURVE  SURFACES.  ALSO, 
THE  MOTION  OF  PENDULUMS. 


PROP.  XXXL  (Fig.  4.  PL  V.) 

If  a  heavy  body  W,  be  sustained  upon  an  inclined  plane 
ac,  by  a  poweu  acting  in  a  direction  parallel  to  that 

plane;  THEN 

THE  WEIGHT  OF  THE  BODY,  ^  THE  LENGTH  AC, 

THE  POWER  THAT  SUSTAINS  IT,  I  THE  HEIGHT  CB, 

AND  ITS  PRESSURE  AGAINST  THE  PLANfe,    |  AND  THE  BASE  AB, 
ABE,  RESPECTIVELY,  kS  J  OF. THE  PLANE. 

£ 
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Draw  BD  perpendicular  to  AC;  then  as  the  force  of  grav 
tends  perpendicular  to  the  horizon,  or  parallel  to  CB ;  and  the 
rection  of  the  power  is  parallel  to  DC ;  and  the  pressure  agaii 
the  plane  is  (by  Prop.  IX.)  parallel  to  DB ;  and,  therefore,  th 
quantities  are  respectively  as  the  three  lines  CB,  CD,  BD,  I 
Prop.  Vni.)  that  is,  by  similar  triangles,  as  AC,  CB,  and  AB. 

Cor.  1.  The  weight,  power,  and  pressure  on  the  plane,  are  rei§ 
twely,  as  radius,  the  sine,  and  cosine  of  the  planers  elevation. 

For  the  sides  of  a  triangle  are  as  the  sines  of  the  oppo 
angles. 

Cor.  2.  The  relative  weight  of  a  body,  to  make  it  run  down  an 
dined  plane,  is  as  tlie  height  directly,  and  length  reciprocally ,  tka 
BC 

^  ;  or  it  is  as  the  sine  of  the  plants  elevation. 

Cor,  3.  (Fig.  5.  PI.  V.)  If  a  cylinder  he  sustained  upon  an  inch 
plane,  by  a  power  drawing  one  end  of  a  rope  parallel  to  the  pA 
whilst  the  other  end  is  fixed;  this  power  is  to  the  weight  of  the 
Under,  as  half  the  height  to  the  length  of  the  plane. 

For  half  the  relative  weight  of  the  cylinder  is  sustained  by 
other  end  of  the  rope,  which  is  fixed. 

Scholium. — (^Fig,  4.  PL  V.)  If  it  be  required  to  find  the  p 
tion  of  the  planer  AC,  whose  height  BC  is  given,  so  that  the  m 
weight  W  may  be  raised  through  the  length  of  the  plane  AC,  in 
least  time  possible,  by  any  given  power  P,  acting  in  Uie  dueci 
2W 

DC ;  make  AC  =:  — —  X  BC,  and  you  have  your  desire. 


PROP.  XXXII.   (^Fig.  4.  PI.  V.) 


Sqct  IV.  ON  mCLIKED  PLANES. 
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DB, 
AB» 
AD. 


are  re^eethefy,  at  radtMt,  the  sintf  mtd  amae  of  Ike  pkme's  eletfo- 
tion, 

PROP.  XXXIU.   {rtgure  6.  and  7.  PL  V.) 

If  A  HSAYT  BODY  W  BE  SUSTAINED  UPON  AN  INCLINED  PLANE 
AC,  BT  A  POWER  P  ACTING  IN  ANY  GIVEN  DIRECTION  WP; 
AND  IF  BED 'BE  LET  FALL  PERPENDICULAR  ON  WP*;  TDEN 

THE  PeWER  Py 

THE  WEIGHT  OT  THE  BODY 

THE  PRESSURE  OF  THE  PLANE, 

WILL  BE  RESPECTIVELY,  AS 

For,  since  BD  is  perpendicular  to  the  direction  of  the  power, 
AB  to  the  direction  of  gravity,  and  AD  to  the  direction  of  tha 
pressure  on  the  plane;  therefore  (by  Cor.  1.  Prop.  VIII.)  these 
forces  will  be  respectively  as  BD,  AB,  AD,  when  they  are  .  in 
equilibrio. 

Cor.  1.  The  power,  weighty  Olid  jnrsiiirt  agaiMtt  the  pl^^ 
tpedivefy  at  the  sine  of  thephne's  eUvation^  cosine  of  the  angle  of 
traction  CWP,  and  the  come  of  the  angle  of  direction  of  the  power 
ahove  the  horixon, 

Thft  angle  of  traction  is  the  angle  that  the  direction  of  the 
power  makes  mih  the  plane.  And  in  the  triangle  ABD,  the 
sides  are  as  the  sines  of  the  opposite  angles,  where  Z.  D  =  com.- 
plement  of  DWP. 

Cor.  2.  Hence,  whether  the  line  of  direction  of  the  power  he  de^ 
voted  above  or  depressed  helow  the  plane ;  if  the  angles  of  traction 
he  equal,  equal  powers  wiU  sustain  the  weight ;  hut  the  pressure  is 
greaier  when  the  line  of  direction  runs  below  the  plane. 

Cor.  3.  The  power  P  is  least  when  the  line  of  direction  is  parallel 
to  the  plane  ;  cmd  infitdte,  when  perperulicular  to  it ;  and  equal  to  the 
weight,  whenperpeUdkukKT  to  the  horizon. 

Cor.  4.  (Fig.  8.  Pi.  V.)  If  a  weight  upon  an  inclined  plane  he  in 
equilibrio  with  another  hanging  freefy^  their  perpendicular  velocities 
will  be  redprocally  as  their  quantities  of  matter. 

For,  let  the  weight  at  W  be  made  to  descend  to  A,  and  draw 
Wr  perpendicular  to  AE,  and  W^,  Dv  to  AB ;  then  the  weight 
P  mill  iiave  ascended  a  height  iz  Ar,  which  is  its  perpendicu- 
lar ascent ;  and  is  the  perpendicular  descent  of  W.  The  fi- 
mres  Ajrwt  and  AEDv  are  similar,  as  are  also  the  triangles  AEB, 
WB}  whence  We  :  Ar  f.  Dv :  AE  ::  DB  :  AB  5i  (by  tips 
Ptop.)  P  :  W. 

Cor.  5.  And  therefore  if  any  two  bodies  he  in  equjUbrio  upon  two 
tneUmed  pbmes,  their  perpendicular  vehdiies  wUl  he  reciprocally  as 
their  qmmtHiesqfmatter. 
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PROP.  XXXIV.  (Bg.  9.  PLV.)  . 

The  space  which  a  body  (descending  from  rest)  desgrii 
upon  an  inclined  plane,  is  to  the  space  which  ▲  bo: 
falling  perpendicularly,  ^describes  in  the  same  til 
as  the  height  of  the  plane  cb,  to  its  length  ac. 

The  force  wherewith  a  body  eDdeavours  to  descend  upon 
inclined  plane,  is  equal  to  the  power  that  sustains  it;  and  ( 
Prop.  XXXI )  that  power  is  to  the  weight  of  the  body  as  CB 
CA ;  therefore  the  body  is  urged  upon  the  plane,  by  an  u 
formly  accelerating  force,  which  is  to  the  force  of  gravity  as  i 
to  CA.  But  (by  Prop.  V.)  the  motion  generated  in  the  same  tin 
and  in  the  same  body,  is  as  the  force,  that  is  (since  the  bodjf 
given)  the  velocity  is  as  the  force.  And  (by  Prop. III.)  the  spai 
uniformly  described  with  the  last  velocities  will  be  as  these  ve 
cities;  and  (by  Cor.  1.  Prop.  VI.)  these  spaces  are  doublet 
spaces  described  by  the  accelerating  forces;  therefore  the  spai 
described  on  the  plane  and  in  the  perpendicular,  are  as  the  1 
velocities,  or  as  the  forces,  that  is,  as  CB  to  CA. 

Cor.  1.  Hence,  if  BD  be  ktfdl  perpendicular  to  AC,  then  mi 
time  a  boify  falls  through  the  height  CB,  another  hody^  daoenA 
along  the  mained plane,  will  run  through  the  space  CD. 

For  these  spaces  are  as  CA  to  CB,  that  is,  as  CB  to  CD,  by 
milar  triangles. 

Cor.  2.  The  velocity  acquired  upon  an  inclined  plane,  is  to 
velocity  acquired  in  the  same  time  Iry/alUng  perpendicularly,  as  C£ 
CA,  or  as  CB  to  CB. 

Cor.  3.  The  space  described  by  a  body  mofoin^  down  any  pkme 
a  given  time,  is  as  the  sine  of  the  planes  elevatton. 

For  if  CB  be  given,  CD  is  as  the  sine  of  CBD  or  CAB. 
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For  it  w31  be  umlbnnly  retafded  in  atcendiog;  and,  in  all 
points,  will  hare  the  same  Telocity  in  ascending  as  descending. 

Scholium. — Since  the  force  by  whidi  bodies  descend  down  an 
indined  plane,  is  a  uniformly  acceleratiTe  force,  therefore  what- 
ever  is  demonstrated  of  foiling  bodies  in  Sect.  II.  holds  eqnalfy 
tme,  in  regard  to  the  motion  of  bodies  upon  an  inclined  plane; 
sub^tnting  the  relative  weight  upon  the  plane,  instead  of  toe  ab- 
sdnte  wei^  of  the  body. 

Hence,  therefore,  a  body  projected  on  an  inclined  plane,  will 
describe  a  parabola.  And  if  the  yelodty  of  projection  upon  the 
plane,  be  to  the  velocity  of  a  projectile  in  the  air,  as  the  relative 
gravity  on  the  plane,  to  the  absolute  gravity,  and  both  pro- 
jected at  the  same  obliquity,  the  same  parabola  will  be  described 
in  both  cases. 

PROP.  XXXVI.  (f%.  9..  Fl  V.) 

A  BODY  ACQtliaES  THE  SAME  VEL0<  ITT  IN  DESCENDIKO  DOWN  AH 
INCLINED  PLANE  CD,  AS  BT  FALLING  PERPENOICULAELT 
THROUGH  THE  HEIGHT  OF  THAT  PLANE  CE. 

For  draw  DB  perpendicular  to  CD,  and  the  bodies  will  descend 
through  CD,  or  CB  in  the  same  time ;  then  (by  Cor.  2.  Prop. 
XXXIV.)  the  velocity  in  D  :  the  velocity  in  B  ::  C£  CD,  and 
(Cor.  1.  Prop.  XIV.)  the  velocity  in  B  :  the  velocity  in  E  :: 
i/CB :  VCE  ::  CD  :  CE.  Therefore  the  velocity  in  D  :  the 
Tdocity  in  E  : :  CE  :  CE,  snd,  therefore,  the  velocities  in  D  and 
£  are  equal. 

Cor.  1.  A  hoAf  acquires  the  same  velocity  in  falUng  Jrcm  amf 
height^  whether  it  fells  perpendicularly ,  or  down  an  itemed  plane 
of  equal  height. 

Cor.  2.  Hence  the  velocities  acquired  by  heavif  bodies  falling  from 
the  same  heights  to  the  same  horizontal  rigtU  Une,  on  any  planes  what' 
ever,  are  equal  among  themselves. 

Cor.  3.  Tf  the  velocities  be  equal  at  any  two  equal  altitudes  D, 
£ ;  they  will  be  equal  at  any  other  two  equal  altitudes  A,  B  :  and 
acquire  equal  increases  of' velocity,  in  passing  through  EB,  and  DA 
of  eqtud perpendicular  heights. 

Cor.  4.  The  velocities  acquired  by  descending  down  any  planes 
whatever,  are  as  the  square  roots  of  the  heights. 

PROP.  XXXVII.  (Fig.  12.  PI.  V.) 

In  a  CIRCLE  WHOSE  DIAMETER  CB  IS  PERPENDICULAR  TO  THE 
HORIZON,  A  BODY  WILL  DESCEND  THROUGH  ANT  CHORD  CD 
OR  DB,  IN  THE  SAME  TIME  AS  IT  WILL  DESCEND  PERPENDICU- 
LARLY THROUGH  THE  DIAMETER  CB. 
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For  the  angle  at  D  is  right;  therefore,  (byCor.  l..Pr 
XXXIV.)  the  time  of  descending^  through  CD  will  be  eqiial  to 
time  of  descending,  peqiendicularly  through  CB.  Draw  C£r] 
lallel  to  DB,  then  will  C£  be  equal  to  DB ;  and  a  body  will  < 
scend  through  the  chords  C£,  DB  in  the  same  time.  Bot. 
.time  of  descending  through  C£  is  the  same  as  felling  through 
.diameter ;  therefore  the  time  of  descending  through  any  chi 
CD,  DB,  is  the  same  as  falling  through  the  diameter  CB. 

Cor.  1.  The  times  of  descending  through  all  the  chordt  qf  acir 
drawn  from  either  point  C  or.B,  are  equal  among  themselves. 

I  Cor,  2.  The  velocity  acquired  by  descending  through  any  chord  C 
or  DB,  is  a»  the  length  of  the  chord,   

For  draw  OF  perpendicular  to  CB,  then  CD  =z  n/CBxC 
and  DB  =  VCBxBF;  and  (by  Prop.  XXXVI.)  a  body 
quires  the  same  velocity  in  descending  through  CD,  as  in  &11 
through  CF,  but  this  (By  Cor.  1.  Prop.  XIV.)  is  as  ^CF,  tha 
as  CD.  Also  a  body  acquires  the  same  velocity  through  DE 
FB,  and  that  is  as  a/BF,  or  as  DB. 

Cor,  3.  But  a  bodu  will  descend  sooner  through  the  small  ard 
a  circle^  than  through  Us  chord  TB. 

For  if  BG,'TG  be  two  tangents,  then  the  relative  gravity 
T  in  the  arch  and  chord,  will  (by  Cor.  1.  Prop.  XXXI.)  be  as 
sines  of  the  angles  I  GO,  TBO,  or  as  BT  and  TO,  ot  BG,  t 
is,  nearly  as  two  to  one  when  the  arch  is  very  small.  And 
accelerative  force  in  the  circle  being  double  to  that  in  - 
chord,  therefore  the  velocity  will  be  greater  in  the  arch,  and 
time  of  description  shorter,  though  their  lengths  are  nearly 
same. 


SMt.  IV.  IN  CURVE  SURFACES. 
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Mdeot  points  «  I  aad  D,  tfaen  (by  Cor.  3.  Prop.  XXXVI.) 
tttty-will  be  equal  in  K  and  after  the  descent  tiwoogh  IK;  and 
Wngoqpal  in  K  and  £,  they  will  also  be  equal  in  G  andF, 
after  the  descent  throngh  KG,  and  so  on.  Therefore,  since  the 
motion  begins  in  A,  they  will  acquire  equal  velocities  in  de- 
shfeRdiT\g  through  the  first  plane,  and,  likewise,  through  the  2d, 
ddy  4tb,4cc.  Ajid^  therdbre,  the  yelocities  will  be  equal  in  all 
correspondent  points  I  and  K  and  £,  6  and  F,  &c.,  and  at 
BandC. 

Got.  1.  Iherefarey  a  botfy  be  tu^jtaukd  hy  a  string,  and,  iy 
ok^ating  detcrwet  qnjf  cyrve  AB ;  if  it  is  any  way  forced  to 
move  iu  any  polished  and  perfectly  smooth  surface  Ah,  whilst  an- 
aiher  body  a$cends  or  descends  in  a  right  line  ;  then,  if  their  velo^ 
eUies  be  equal  at  any  one  equal  altitude,  they  will  be  equal  at  all 


For  the  same  thing  is  effected  by  the  string  of  the  pendulous 
body,  as  by  the  smooth  sur&ce  of  a  polished  body. 

Cor.  2.  Hejux  a  botfy  oscillating  in  any  curve  line  whatever,  ac- 
quires  the  same  velocity  in  the  curve,  as  if  it  had  fallen  perpeniics^ 
loHy  from  the  same  height.  And,  therefore,  the  velocity  in  any 
ptdnt  of  the  curve,  is  as  the  square  root  of  the  height  descended. 

Cor,  3.  And  a  bo^,  after  its  descent  through  any  curve,  willascend 
to  the  same  height  in  a  similar  and  equal  curve,  or  even  in  any  curve 
whatever.  And  the  velocities  will  be  equal  at  all  equal  altitudes. 
And  the  ascent  and  decent  will  be  in  the  same  time,  if  the  curves  are 
the  same. 

For  the  forces  that  generated  the  motion  in  descending,  will 
equally  destroy  it  in  ascending,  and  therefore  they  will  lose  equal 
yelocities  by  ascending  equal  heights.  And  if  the  curves  are  si- 
milar and  equal,  every  particle  of  the  curve  will  be  described  with 
the  same  velocity,  and,  therefore,  in  the  same  time,  whether  as- 
cending or  descending. 

Cor.  4.  This  Prop,  is  equally  true,  whether  the  curve  AKfi  be 
in  one  plane  perpendicular  to  the  horizon,  or  in  several  planes  IK, 
KG,  S^c,  winding  about  in  nature  of  a  spiral. 


The  times  of  descent  through  two  similar  parts  of  simi- 
lar CURVES,   ARE    IN   THE  SUBDUPLICATE   RATIO  OF  THEIR 

lengths,  ab,  AB. 

Divide  both  curves  into  an  equal  number  of  infinitely  small 
parts,  similar  to  each  other ;  and  let  be,  BC,  be  two  of  them,  si- 
milarly posited;  and  draw  rby  RB,  perpendicular  to  ah,  AH. 
By  Prqp.  III.  the  space  described  is  as  the. time  and  vdocity, 


PROP.  XXXIX.   (Fig.ll.  P/.V.) 
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and  the  time  of  describing  any  space  it,  as  the  space  direclly  a: 
velocity  reciprocally.  By  Cor.  2.  Prop.  XXXVIII.  Hie  vdo 
ties  in  b  and  B  are  as  »/rb  and  ^RB,  that  is  because  orb  t 
ARB  are  similar,  that  is,  as  ^ab  and  ^AB.  Therefore,  the  tii 
of  describing  be  :  to  time  of  describing  BC :  ^  :  ^ 

nh  ATI  i^flA  i^AB 

^/^=  VAB  ::        :  ^AD,  because  l 

curves  are  similarly  divided.  Whence,  by  composition,  i 
whole  time  of  describing  ab  :  whole  time  of  describing  AB 
is  in  the  same  given  ratio  of  is/ab  :  t/AB,  or  ^ad :  t/Jjy, 

Cor,  1.  Hence,  if  tiuo  pendulums  describe  similar  arches,  the  tin 
of  their  vibrations  are  as  the  square  roots  of  their  lengths,  or  , 
lengths  as  the  squares  of  the  times  of  vibration. 

For,  let  hdyKdf  be  the  lengths  of  the  pendulums  ;then>  becac 
the  figures  are  similar,  it  is  ad  :  AD  H  hd  :  HD. 

Cor,  2.  If  a  pendulum  vibrates  in  a  circle,  the  velocity  m  j 
lowest  point  is  as  the  chord  of  the  arch  it  deserved  in  descending. 

For  (by  Cor.  2.  Prop.  XXXVIII.)  it  acquires  the  same  vei 
city  in  the  arch  as  in  the  chord;  and  (by  Cor.  2.  Prop.  XXXVI 
the  velocity  in  the  chord  is  as  the  chord. 

Cor,  3.  The  lengths  of  pendulums  vibrating  in  similar  arches,  t 
reciprocalfy  proportional  to  the  squares  of  the  number  of  thm  wife 
tions,  in  a  given  time, 

PROP.  XL.  {Fig.  13.  Fl,  V.) 
If  a  pendulum  vibrates  in  a  cycloid,  the  time  of  oke  ^ 

BRATION  is  to  THE  TIME  OF  A  BODY*S   FALLING  PERPENDIC 
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pfadw  £Dy  nnoe  tluf  is  a  motkm  unHbrm^  accelemted,  therefore, 
(by  Cor.  1.  Prop.  VI.)  it  would,  in  the  time  of  its  describe 
3£Dy  wi^  the  velocity  acquired  in  D.  And  since,  (by  Cor. 
Prop,  m.)  ihe  times  are  as  tne  sp^ses  directly,  and  velocities  re- 
ciprocally;  and  (by  Cor.  3.  Prop.  XXXVIII )  the  velocities  are  as 
me  square  roots  of  die  heights;  dierefore  it  will  be,  as  time  of  de- 

««b«.g  ED:  dme  in Cc::_^  :  -^^ ^'or  J^MD 

: :  WMD  X  MN  :  Nn;  by  similar  triangles. 

Again,  when  the  velocity  is  given,  the  time  is  as  the  space 
described.  Therefore  it  will  be,  as  time  in  Cc  :  time  in  : : 
Cc:B6orGg  ::CD  :GDor  v'CDxDE  ::  v'CD:  ^DE:: 

DN  :  t^/DM. ;  by  similar  triangles.  Therefore,  ex  equo,  time 
in  ED  :  time  in  Bb  ::  2^WD  x  MN  x  DN  -  Nn  v'DM  :: 
2 VMN  X  DN  or  2NL  :  Nn  : :  MD  :  L/.  Therefore,  by  com- 
position  it  is,  as  time  in  ED  :  time  in  the  arch  Hb  : :  MD  :  arch 
Ml.  And  as  the  time  in  ED :  whole  time  in  HD  :  I  MD  :  semi- 
circumference  MLD. 

And  since  the  time  of  descending  through  HD  is  equal  to  the 
time  of  descending  through  DA :  and  (by  Prop.  XXXVII.)  the 
time  of  descending  throug^h  ED  is  eoual  to  the  time  in  the  di- 
ameter FD.  And  2FD  is  =:  DV,  the  length  of  the  pendulum 
(being  the  radius  of  curvature  inD);  therefore,  as  the  time  of 
felling  through  half  the  length  of  the  pendulum  FD :  time  in 
HDA,  or  time  of  one  vibration  ;  \  diameter  MD  :  circumference 
2MLD. 

Car.  1 .  Hence  all  vtbrations,  great  and  mall,  are  performed  in 
equal  timet.  Andy  in  unequal  archei  the  velocities  generated^  and  the 
parts  described,  and  those  to  be  described,  in  the  same  time,  will 
always  beas  the  whole  arches;  and  in  any  arch  HD,  the  accelerative 
force  at  any  point  B,  will  be  as  the  length  BD  from  the  bottom. 

For,  the  descent  through  HD  is  always  the  same,  wherever 
the  point  H  is  taken.  Also,  (by  the  nature  of  the  cycloid)  the 
tangent  at  B  is  parallel  to  GD,  and  BD  =  2  DG.  And  (by  Cor. 
2.  Prop.  XXXI.)  the  relative  weight  on  GD  (which  is  the  ac- 
celerating force  along  GD,  or  the  tangent  at  B)  is  as  -^5.* 

GD 

thatisas-^,or  ^^^^as  ^,ot  as  BD,  because  FD 

is  given.  Whence,  the  accelerating  force  being  always  as  the 
distance  from  the  bottom,  therefore,  in  any  two  arches,  the  ye- 
lodties  generated  every  moment,  and  the  parts  continually  de- 
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scribed,  will  be  as  these  forces;  that  is,  as  the  whole  arphes.  A\ 
eonsequently,  the  spaces  described,  and  the  velocities  .gepAiat 
in  any  time,  will  be  as  the  whole  arches ;  and,  therefore^,  the  pi 
to  be  described  will  also  be  as  the  wholes. 

Cor.  2.  JTie  time  of  descent  in  HB,  to  the  time  of  detcent 
HD,  is  as  the  arch  ML,  to  the  semincircumference  MLD. 

Cor.  3.  The  velocity/  of  the  pendulum  in  any  point  3^  it 
VDH2— DB2,  or  ^HB  X  BDh. 

For  (by  Cor.  1.  Prop.  XIV.)  the  square  of  the  velocity  in  B 

as  MN,  that  is,  as  MD— ND,  or  ^^^^^^      DH2  — DI 

because  DH  ==  2DE,  and  DB  =i  2GD,  by  the  4ature  of  the  < 
cloid ;  and  DF  is  given. 

Cor.4  (Fig.  1.  PI.  VI.)  JftJielength  of  thepenMumViyhem 
double  the  axis  FD ;  and  ARV,  orV,  he  two  semi-cycloids  equal 
AHD,  and  so  placed,  that  the  vertex,  {as  D)  be  at  A  and.  a.  ITI 
the  pendulum  VH  vibrating  between  the  <ycloidalcheeks  ARV,  ar 
the  point  H  will  describe  the  cycloid  AWDha ;  and  the  time  of  its. 
bration  will  6e  3.1416  X  time  of  falling  through  FD,  Aajf  i 
length  of  the  pendulum. 

All  this  follows  from  the  nature  of  the  cycloid. 

Cor.  5.  Hence,  also,  it  appears  from  &vperiments  on  pendutm 
tJuit,  at  the  surface  of  the  earth,  a  heavy  body  will  descend  tkrougi 
q)ace  oflQh  English  feet  nearly,  in  one  second  of  time. 

For  it  is  found,  by  observations,  upon  clocks,  that  a  pendulv 

39, 13  inches  long,  vibrates  once  in  a  second;  therefore  1 

3.14 
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(bj  CmJZ.  Wnfp,  V.)  if  tibe  matttr  be  given,  the  virioeity  oe- 
nmtad  in  dwewriing  bodies  is  as  tbe  Ibirce  and  time;  ud  (by 
Ptoopl  VI.)tbe  space  dcsoHided  is  as  die  yek>city  and  time,  diat  is 
■m- mt  ioftte  and  squaie  of  die  time.  Tbereibre,  half  the  length  of 
tiiependttiam  is  ar  die  force,  and  sqnare  of  the  time  of  descend- 
iw  half  its  length ;  wbenoe,  tbe  length  is  as  the  force  and  square 
ofthe  time  «f  TibratioD. 

Cor,  7,  From  the  motion  of  pendulums  it  altojbllowty  that,  in  any 
one  place^  the  quantity  of  matter  in  am/  hudy  ts  proportional  to  its 
weight. 

For  it  is  certain,  from  experience,  that  pendulums  of  equal 
length,  whatever  quantities  of  matter  tbey  contain,  vibrate  in  the 
.same  time.  Therefore  they  will  descena  through  half  the  lengtli 
of  the  pendulum  in  the  same  time ;  and,  consequently,  would  ac- 
quire equal  velocities  in  the  same  time.  Therefore  (by  Prop.  V.) 
die  velocity  and  time  being  given,  the  quantity  of  matter  is  as  the 
fotfx  of  gravity. 

Cor.  8.  Hence  it  alio  follows^  that  there  are  vacuities  or  empty 
spaces  m  bodies. 

.  For  since  (by  Cor.  7.)  the  quantity  of  matter  is  as  the  weight 
-bf  the  body,  if  it  were  true  that  diere  is  an  absolute  plenum,  all 
bodies  of  the  same  bulk  must  be  of  equal  weight;  which  is  con- 
ttary  to  all  experience. 

PROP.  XLI.  {Fig.  2.  PL  VI.) 
If  a  pendulum  AT  oscillates  in  a  ciucle  TRQ,  and,  in  tke 

MEAN  TIME,  BE  ACTED  ON  IN  THE  SEVERAL  POINTS  T,  BY  A 
FOBCE  TENDING  PEBPENDICULAB  TO  THE  HORIZON,  WHICH  IS 
TO  THE  UNIFORM  FORCE  OF  GRAVITY,  AS  THE  ARCH  TR,  IS  TO 
THE  SINE  TN;  THE  TIMES  OF  ALL  VIBRATIONS  WILL  BE  EQUAL, 
WHETHEA  GEEAT  OR  LESS. 

For,  from  any  point  T  draw  TZ  perpendicular  to  the  horizon, 
andTY  a  tangent  to  the  circle  in  T;  and  let  AT  express  the 
unifimn  force  of  gravi^,  TZ  the  variable  force  at  T ;  draw 
ZY  perpendicular  to  TY;  then  the  force  TZ  will  be  resolved 
into  the  two  TY,  YZ.  Of  which  YZ,  acting  in  direction  AT, 
does  not  at  all  change  the  motion  of  the  body.  But  the  force 
TY  directly  .accelerates  its  motion  in  the  circle  TR.  The  tri- 
angles ATN,  ZTY  are  similar,  and  TZ  :  TA  ::  TY  :  TN; 
but  (by  supposition)  TZ  :  TA  : :  arch  TR  :  TN ;  therefore 
TY  =  arch  TR  :  that  is,  the  force  TY  is  as  the  arch  to  be  de- 
scribed TR.  Therefore,  if  AT,  At,  be  let  fall  together  from  the 
points  T,  t;  the  velocities  generated  in  equal  times,  will  be  as  the 
fbrces  TY,  ty;  that  is,  as  the  arches  TR,  tR,  to  be  described. 
But  the  parts  described  at  the  beginning  ofthe  motion,  are  as-^ 
velocities ;  that  is,  as  the  wholes  to  be  described  at  the  beginning; 
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and,  therefore,  the  parts  which  remain  to  be  described^  \ 
the  subsequent  accelerations  proportional  to  these  partf^ 
also  as  the  wholes,  &8.  Therefore  the  velocities  generated,  i 
the  parts  described  with  these  velocities,  and  the  parts  to  he- 
scribed,  are  always  as  the  wholes.  And,  therefore,  the  part»  to 
described,  being  eveiy  where  as  the  velocities  they  are  descril 
with,  will  be  described  in  equal  times  and  vanish  together;- 1 
is,  the  two  bodies  oscillating  will  arrive  at  the  perpendicular . 
together. 

Cor.  1.  Hence  that  the  vibratiom  in  a  circle  may  he  isocronal; 
TR 

force  TZ  must  he  n  ^  X  gravity. 

Cor,  2.  Hence,  if  a  pendulum  vihrates  by  the  force  of  grci 
on^,  the  times  of  vibration,  in  very  smaU  differeiit  arches fWilthev 
nearly  equal. 

For,  in  small  arches,  the  ratio  of  the  arch  to  the  cord  is  nea 
a  ratio  of  equality. 

Cor.  3.  But  the  time  of  vibration  in  larger  arches,  is  greater  ti 
the  time  in  less  arches  of  a  circle. 

For  the  gravity  at  T  being  less  than  the  isocronal  force, 
body  will  be  longer  in  describing  that  arch. 

Cor.  4.  Hence,  also,  if  a  pendulum  vibrates  in  the  small  arch  o 
circle^  the  time  of  one  vibration  is  to  the  time  of  a  body's  fall 
through  twice  the  length  of  the  pendulum,  as  half  t/ie  circuntfev€\ 
of  a  circle  to  the  diameter. 

For  AR  is  the  radius  of  curvature  of  a  cycloid,  whose  axis  ii 
AR.  Therefore  the  circle  and  cycloid  coincide  at  R,  and  1 
small  arches  of  both  will  be  described  in  the  same  time ;  that 
as  expressed  by  Prop.  XL.,  only  here  we  take  twice  the  length 
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And,  if  a  pendiiliim  Tibrates  secondi  in  an  arch  20^  and  c 
be  the  coid  of  a,  or  of  half  the  whole  arch.  Then  3  |  x 
CC--CC  will  be  ibe  seconds  lost  in  twenty-ibnr  hoon,  by  Tibrating 
intibe  ardi,  thechoid  of  whoee  half  is  C. 

AlsOyif  diebobof  sadiapenduliim  canbe  screwed  up  ordown, 
and  jon  pntn  number  of  threads  of  the  screw  contained  in  an 
indiy  y  :=  time  tn  minutes  that  the  dock  gains  or  loses  in  twenty- 
§m  hours.   Then  it  follows,  by  the  theory  of  pendulums,  that 

2 

«y  will  be  the  number  of  threads  or  rerolutions  of  the  nut, 
that  the  bob  is  to  be  let  down  or  raised  up^  to  beat  sSeconds. 


SECTION  FIFTH. 


OF  THE  CENTRE  OF  GRAVITY  AND  ITS  PRO- 
PERTIES. 


PROP.  XLII.  {Fig.3.  PI.  VI.) 


Sect  V. 
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Ilie  liaeyRCy  mareable  about  R ;  then  bf  Ax.  8.  the  Mr  AB, 
together  with  fbe  line  RC,  will  epdearour  to  descend  from  the  po- 
sition RC  towards  D.  Also,  ibr  -the  same  reason^  the  body  and 
the  line  CS  will  endcaTonr  to  descend  from  the  position  Cs  to- 
wards D ;  bat  as  diese  two  motions  oppose  each  other,  the  bodv 
will  be  sustained  bj  the  points  R,  S,  and  therefore  it  will  stand. 
And  the  same  is  true  of  every  two  opposite  points  R,  S. 

CASE  II.   {Fig.  5.  P/.VrO 

Btit  if  CI>  &h  without  the  base,  then  the  line  RC  and  the 
bodr  at  C  win  endeavour  to  descend  towards  D ;  also  the  body 
G  liid'line  CS  wiA  eadeavoar  to  descend  towards  D  likewise ; 
atbd  as  this  motton  does  not  oppose  the  other,  there  will  be 
nothing  to  support  the  body^;  thetdbre  it  mast  neoessarily  fidl  tov 
wards  D. 

Car.  1.  HatctUfiUdmyikMifiktcmtr^  of  gravity  of  a  body 
he  wpportedy  the  whole  body  it  twpported.  And  the  centre  of  gravity 
tfthe  hbcfy  fM  he  etieemed'  the  plact  of  the  hody.  Andtfit  be 
tmtaJnediy  aikf  hber  or  heiun,  itppiate  it  at  the  point  where  the 
dtim  iscut'hy  a  Unt  drawn  fhm  tht  centre  of  gramty  perperuHeuiar 
to  the  harizoni 

Got.  3.  Ail  the  gravity  of  *  hotfyy  or  the  force  it  endeawmn  to 
descend  with,  it  colieeted  mte  the'centre  of  gnmty;  and  therefore 
whatever  sustaint  the  centre  of  gravity,  tuttaim  the  whole  weight. 
And  the  detcent  of  a  hody  must  he  estimated  hy  the  descent  qf  itt  cen- 
treof  gravity. 

Cor>  3.  Hence,  also,  the  larger  the  hase  is,  won  tokich  a  boAf 
stands,  and  the  further  within  it  the  centre  of  gravity  liet^  the 
firmer  the  hody  will  stand,  and  the  more  difficult  to  be  removed.  On 
the  contrary,  the  less  the  hase,  or  the  less  the  centre  of  gravity  fdlls 
ioithm     so  much  the  eiaier  it  is  to  b&  moved  out  of  its  place. 

Cor.  4.  (Fig.  4.  PI.  \^.)  If  a  body  be  laid  upon  a  plane  GF,  and 
dne  end  F  gradudSy  raised  up,  the  body  will  slide  down  the  plane,  if 
the  perpendicular  (jDfall  vnthin  the  hase;  but  if  it  faU  without, 
it  will  roll  down. 

PROP.  XLin.  (Fig.  6.  PI.  VI.) 

TtfE  COMMON  eXNTBB-  OF  0BikVIT7  C  07  TWO  BODTES  A,  18  IK 
THE  BIGHT  LINE  JOINING  THEIR  CENTRES  OF  GRAVrTY  ;  ANB 
THE  DISTANCE  OF  EITHER  BOBY  FROM  THE  COMMON  CENTRE  OF 
(HtAVITT,  is  BECIPROCALLT  A&  THX  QUAMTITT  OF  MATTIB.  IN 
It. 

.  Let  A,  B  be  the  centres  of  gravity  of  A  aad  B,  and  suppose 
AB  to  be' an  inflexible  right  line,  or  leter;  a$d  C  the-ftilcriun. 
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Then,  if  C  be"  the  centre  of  gravity  of  the  bodies  A,  B,  thoM 
bodies  (by  Def*,  12.)  will  be  in  equilibrio*  And  coBsequeotlj  (by 
Cor.  4.  Prop.  XIX,)  AC  ;  CB  : :  B  :  A,, 

Cor.  1.  If  there  be  never  so  ma-n^  hodks^  the  gammon  c&itrt 
grtivitif  of  th£m  ally  is  in  the  right  line  drmsm  from  the  centre  of 
gravity  of  ony  one^  to  the  common  cmtrc  of  gratJiti^  af  ail  the  rest ; 
and  it  divides  tJik  line  into  two  ijorts^  reciproaiUy  as  that  body  t» 
the  mm  of  uU  the  rett  of  t/ie  l^ies. 

For  let  D  be  another  body,  and  let  B  and  A  be  placed  in  C, 
then  will  C  ;  D  ;  t  DE  :  CK    And  so  on  for  morebodi^. 

Cor,  2.  (Fig.  r.  PI.  Vr.)  If  mveml  bodies  A,  B.  D,  E,  F,  6e  m 
eqtdlibrio  upon  a  straight  iever  AF,  then  the  ^fidcrum  C  it  €tt  tkt 
common  centre  of  gravity  of  tdi  th^e  bodies*  ^ 

PROP.  XLIV*  {Fig.  9,  PL  VIO 
Ip  tkzre  de  sevekal  bodies,  Aj  B,  D,  E,  F;  and  if  aST 

PLAKE  PQ  BE  nilAW|(  PERPENDrCULAtt  TO  THE  UORl^OBf  ;  THE 
SUM  OF  THE  PRODUCTS  OP  EACH  BODY  MULTIPLIED  BY  ITS  tJlS- 
tANCE  pnOM  THAT  PLANEj  IF  TBEy  ARE  ALL  ON  ONE  SIDE; 
OR  THKiR  niFFEftENCE,  IF  ON  CONTRARY  SIUKS  ;  IS  EQUAL  TO 
THE  SUM  OF  ALL  THE  BODIES  MULTIPLFED  BY  THE  DISTAKCE 
OF  THEIR  COMMON  CENTRE  OF  ORAVtTY  FROM  THAT  PLANE. 

Draw  Unes  perpendicular  and  parallel  to  the  plane  PQ,  as  in 
the  fipire,  and  lei  C  be  the  centre  of  gravity.    Then,  (by  Cor,  3» 
Prop.  XIX,,)  the  force  of  all  the  bodies  to  move  the  plane  PQ 
about  R,  will  be  mP  X  D  +  oE  x  E  +rf  X  F  — Afe  x  A— 
Bi  X  B.   That  is,  WC^t-RC  X  D+rC  +  RC  X  E  ^RC-fC 
X  F-^C  — RC  X  A  ^  6C^RC  x  B,  or  eC  X  D  +  eC  x 
X  ¥-^aCxA—i€  X  B  4-  RC  X  D  +  E  +  F  +  A-f 
But  because  C  is  the  centre  of  gravity  of  the  bodies^  therefore,  " 
Prop.  XX.,)  dCxD  +  eC  xE=;^/CxF  +  «CxA  + 
X  B ;  therefore  we  have  mD  X  D  +  oE  x  E  +  rF  x  F  — 
X  A— X  B  =1  RC  X  A  +  B  +  D  +  E"+T, 
Cor*  1,  Thii  Prop,  is  equally  true  for  any  plane  •whatever^ 
For  suppose  the  plane  and  the  bodies  to  be  put  into  any 
oblique  position,  all  the  distancei  will  remain  the  same  ai  be- 
fore. 

Cor.  2.  If  any  plane  drawn  through  the  common  centre  of  gr^ 
vity  C,  of  any  nmtfher  of  bodies  A,  B,  ^c*  and  each  body  be 
tnultiplied  by  the  di/tta7ice  of  lis  centre  of  gravity  from  that  pUttie  ; 
tfw  mm  of  the  products  on  eacA  side  are  cqutd ;  A  X  «C  +  B  X  iC^ 
FK/C=:Dx^+Ex£€.  a  -r 
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For  the  distanoe  of  a  bodj  must  l>e  estimated  by  the  distance 
of  its  centre  of  gravitj. 

Car.  3.  Hence,  aim,  tie  turn  (or  difference)  of  the  prodneti  of 
each  particle  of  a  bodjf  wmltiaiied  U$  dietcnce  from  aiy  plme 
whatever,  is  equal  to  the  whole  bo<fy  mnltipiied  ty  the  dittance  ofiti 
centre  of  gravity  fnm  thai  plane;  and  if  the  plme  pau  through  the 
centre  of  gravity,  the  swnt  of  the  prodnets  on  each  tide  are  equal. 

Cor.  4.  The  $um  tf  the  forces  of  a  tyitem  of  bodies  is  the  very 
sofse,  as  if  all  the  bodies  were  collected  into  tkeir  common  centre  of 
grmty,  and  exerted  their  several  forces  there. 

Tor  the  sum  of  all  the  forces  are  wD  x  D  +  o£  x  F*,  8tc.,  or 
RCxA  +  B  +  D  +  £  +  F. 

Cor.  5.  And  the  same  is  true  of  any  forces  whatever,  with  regard 
to  the  centre  of  gravity  of  those  forces  ;  and,  therefore,  if  several 
forces  act  in  parallel  directions,  the  sum  of  all  these  forces  will  be 
eamvalent  to  one  single  firce;  and  their  common  centre  of  gravity, 
the  place  where  it  aSs. 

Cor.  6.  (Fig.  4.  PI.  VIII.)  If  a  circle  he  described  about  the  centre 
ofgramty  G,  of  a  system  of  bodies  A,  B,C;  and  any  point  S  be 
taken  mt  pleasure  m  the  circumference;  then  SA*  X  A  4-  SB*  x 
B  X  SC*  X  C»  ti  a  g^ven  quantity,  and  the  same  holds  true  for  the 
perfooe  of  a  qthere,  md  the  bodies  not  all  in  one  plane. 

Tor,  draw  SG,  on  whidi  let  fall  the  perpendiculars  Aa,  Bb, 
Cc;  then,  (by  End.  II.  12, 13.)  SA'  x  A  +  SB*  x  B  +  SCx 
O  =  SG* +  GA'4-  2SG  X  GaxA  +  SG'+GB*— 2SG  x  G6 
X  B  +  S(P  +  (5C*  +2SG  X  Gc  X  C.  But,  (by  Cor  2.)  Gax 
A — Gb  X  B  +  X  C  :=  Oy  and  all  the  rest  are  giyen  quan- 
tities. 

PROP.  XLV.   {Fig.  9.  PI.  VI.) 
If  there  be  several  forces  in  one  plane,  acting  against 

ONE  another  in  the  POINT  C,  WHOSE  QUANTITIES  AND  DI- 
RECTIONS ARE  CA,  CB,  CD,  CE,  CF;  and  if  they  keep  one 

ANOTHER  IN  EQUILIBRIO;  I  SAY,  C  IS  THE  COMMON  CENTRE  OF 
CRAVITY  OF  ALL  THE  POINTS,  A,  B,  C,  D,  E ;  AND  ANY  ONE 
OF  THEM  AS  EC  BEING  PRODUCED,  WILL  PASS  THROUGH  THE 
CENTRE  OF  GRAVITY  G  OF  ALL  THE  REST. 

Since  all  the  forces  are  in  equilibrio,  the  sum  of  the  forces  act- 
ing against  EC  will  destroy  its  effects,  and  act  against  it  in  the 
same  line  of  direction. 

Upon  EC  let  fadl  the  perpendiculars  Ao,  Bb,  Dd,  Tf;  then  any 
force  AC  is  divided  into  two  Ao,  oC.  Now,  as  the  point  C  is  in 
<equilibrio,  all  the  perpendicular  forces  Aa,  Bb,  on  one  side,  are 

F 
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equal  to  all  those  I>d,  F/^on  the  other,  by  Ax.  11 ;  and  if  U 
body  1  be  supposed  to  be  suspended  at  A,  B,  £,  F ;  then,  lin 
AflXl+Bftx  l  =  Ddxl+F/'xl;ihe  centre  of  gr 
vity  of  the  bodies  A,  B,  C,  D,  (and,  also,  of  all  the  bodies^  ii 
the  line  £C.  Again,  it  follows  from  the  equilibrium  of  the  rorci 
that  EC  +  aC  =i  C6  +  Cd  +  C/,  by  Ax.  11 ;  and,  therefore, 
the  body  1  be  suspended  at  the  points  £,  a,  d,  b,  f ;  C  is  th( 
centre  of  gravity,  that  is,  C  is  the  centre  of  gravity  of  £,  A, 
D,F. 

Cor.  1.  If  G  be  the  centre  of  gravity  ofA^  B,  D,  F;  then  EC: 
CG  X  number  of  points  A,  B,  D,  F. 

For  EC  =  C6  +  Cd  +  C/—  Ca  =  CG  x  A  +  B  4-  D-|- 
or  4CG,  by  Prop.  XLIV. 

Cor.  2.  The  sum  of  all  the  perpendiculars  on  one  side,  Am,  Bb : 
sum  Dd,  ¥fon  the  other  side  ^  EC;  and  the  sum  of  their  d 
tances  CE,'  Ca,  on  one  side  =z  sum  Cd,  Cb,  Cf  on  the  other  » 

ofC, 

PROP.  XLVI.    (Fig,  10.  PL  VI.) 
If  a  body  be  acted  on  by  several  forces  A,  B,  C^  £, 

THE  parallel  DIRECTIONS  Ao,  Bb,  &C.  AND  KEPT  IN  EQOll 
BRIO ;  AND  IF  ANY  PLANE  RN  BE  DRAWN  FROM  ANY  POl 
R;  THE  SUM  OF  THE  FORCES  ON  EACH  SIDE  ARE  EQUAL,  A  + 
=  B  +  C       E ;  AND  THE   SUM  OF  THE  PRODUCTS   ON  Tl 

OTHER  SIDE,  Rflix  A+RdxD=:R6xB  +  Rc  x  C  — 

X  E  ;  AND  THE  CONTRARY  ;  WHERE  ANY  PRODUCT  LYING  T 
CONTRARY  WAY  FROM  R,  MUST  BE  TAKEN  NEGATIVE. 

For,  suppose  RN  to  be  the  plane,  acted  on  by  these  foroc 
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the,  hoebf  ^p»^ic^Mnd  the perpemdMCuUtn Ka^Bb,  ifc,^  art  drawn; 
then,  Iteqf,  1.  the  $mn  6/ the  perpendicular^  fortet  on  each  tick  are 
^wi^  Aa  +  I^^'ir  BiH- Cc  +  2.  'he  siou  of  the  contrary 
Jortxs  m  direction  of  the  line  RN  art  equals  /»  4-  y&  =  rc  -j- 
ed  -f-  te.  3.  The  same  of  the  rectanglet  on  each  tide,  from  ojiy 
point  R,aremal,np  x  Afl  -|-  Ki  X  IWrC  Rq  X  B*  +  Rr  x 
Cc  +  R/  X  &.  But  where  the  pointe  lie  the  contrttry  way  from 
R,  the  rectangle*  mutt  be  negative  ;  and  when  all  thete  art  equal,  the 
hod^ieeHreat. 

For,  since  it  is  the  same  ihing^  whether  any  force  A  act,  at  A, 
at  or  at  we  will  suppose  it  to  act  at  /» ;  then  if  the  oblique 
force  pA  be  divided  into  the  two  pa,  oA ;  and  the  same  for  the 
rest ;  then  the  sum  of  all  the  forces  pa  must  be  equal  to  the  sum 
of  ilU  the  contraiy  forces  cr^by  Ai.  1).  The  rest  follows  from 
this  Prop. 

Cor.  2.  And  if  a  body  he  htft  ^  equilibrio  by  leveral  forcet  act" 
at  dijfereiUjpointt,  and  m  different  directiont,  either  m  the  tame 
ptane,  or  in  deferent  planet;  it  will  Hill  be  in  equilibrio  by  the  tame 
fprceg,  acting  from  my  one  point,  and  in  directiong  retpeetioely  pom 
rattd  to  the  former. 

For,  in  the  same  plane,  the  forces  parallel  and  perpendicular 
to  RNy  will  remain  the  same  as  before.  And  when  the  directions 
*Df  any  of  the  forces  are  out  of  this  plane,  all  these  extraneous 
'  foices  may  be  reduced  to  others,  one  part  acting  in  the  plane,  the 
other  perpendieukr  to  it ;  and  both  these  remain  the  same  in 
qoaittity  as  before.  And  since  the  forces  ^ne  in  the  plane,  kept 
one  another  in  equilibrio  at  first,  they  will  do  the  same  still.  And 
as  the  parts  perpendicular  to  this  plane,  also  kept  one  another  in 
equilibrio  at  first,  they  will  do  the  same  when  applied  to  their 
CQipmon  centre  of  gravity,  or  to  any  other  point. 

Cor,  3.  If  teveral  forcet  acting  after  any  manner  keep  a  bo«fy  tm- 
moved;  and arm  plane  whatever  be  drawn ;  and  the  vagrant  forcet  be 
allreekiced  to  that  plane;  then  all  the  perpendicular  forceton  one  tide, 
'  are  equal  to  thote  on  the  other;  and  their  centra  of  gravity  faU  in 
the  tame  point.  When  this  doet  not  htqppen  in  au  planet,  the  body 
will  be  moved  some  way  or  other, 

PROP-  XLVn.    {Fig,  1.  P/.  VII.) 

To  FIND  THE  CENTRE  OF  OBAVITT  OF  A  SYSTEM  OF  BODIES,  A^B^C. 

Draw  any  plane  ST,  smd  firom  the  centres  of  gravity  of  all  the 
bodies,  draw  perpendiculars  to  this  plane,  ha,  B6,  Cc ;  then  (by 
Cor.  3.  Prop.  XIa.)  the  forces  of  A,  B,  0,  at  the  distances  Aa, 
B^,  Cc,  from  the  plane,  wfll  be  A  X  Ao,  B  X  6^^  C  X  Cc  Let 
G  be  the  centre  or  gravity,  then  tiie  sum  of  the  forces  A  X  Aa  + 
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B  X  B6  +  C  X  Cc  must  be  =  A  +  B  +  Cx  Gg,  thepof 

of  all  the  bodies  situated  in  G  (by  Prop.  XLTV.)  whence  1 

distance  of  the  centre  of  gravity  from  the  plane,  that  is  Gg 

Aa  X  A  +  B&  X  B  +  Cc  x  C  ,  .  t  %^ 
 : —  '  — - —  :  where,  if  any  of  tiie  bod 

A  -y"  1j  -y"  C 

be  situate  on  the  other  side  of  the  plane,  the  correspondent  re 
angles  will  be  negative. 

And  if  the  dbtance  be  in  like  manner  found  from  die  pli 
TV,  perpendicular  to  ST,  the  point  G  will  be  determined 
making  the  parallelogram  TG  with  the  respective  distances  fri 
those  planes. 

Cor,  1 .  Let  b  be  txny  bo(fy,  p  any  particle  in  it,  ditt  disUt 
from  a  given  plane;  then  the  distance  of  its  centre  of  gravity  fi 

that  plane  iM=^^^£f^L^^. 

b 

Cor.  2.  To  find  the  centre  of  gravity  oj  an  irregular  pUme 
me.  Suspend  it  by  the  string  A£B,  a/  £;  and  araiut  the  ph 
Tine  ECF.  Then  suspend  it  by  another  point  of  the  string  as 
and  draw  another  plumb  line  through  E,  to  intersex  CF  ;  and 
point  of  intersection  is  the  centre  oj  gravity. 

Cor,  3.  To  find  the  centre  of  gravity  of  a  flexible  body, 
upon  aboardwhose  centre  of gravity  is  known  ;  uuf  thecentreof  g 
vity  of  the  board  upon  the  edge  of  a  prism;  and      the  botfy 
it,  and  remove  it  baac  or  forwards,  till  it  be  m  equslUnio  'ypon 
board. 

Scholium. — Tlie  centres  of  gravity  of  several  planes  and  sol 
have  been  determined  to  be  as  follows : 

1 .  If  two  lines  be  dmwn  from  two  atii^es  of  a  triangle,  to- 
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7.  In  the  earn  tmd  vmmidj  the  dittanoe  of  the  centre  of  granty 
Uom  the  Yertez  is  f  or  the  axis. 

8.  In  9LparaboloH  the  distance  of  the  centre  of  graTity  from  the 
vertex  is    of  the  axis. 

9.  For  the  tegmetU  of  a  gpherey  let  r  zz  radius,  x  =  height  of 
the  s^^ment;  then  the  oijitance  of  the  centre  of  gravity  from  the 

Tertex  is  -1  r. 

PROP.  XLVIII. 

If  two  ok  more  bodies  move  uniformly  in  ant  given  di- 
rections, THEIR  common  CENTRE  OP  GRAVITY  WILL  EITHER 
BE  AT  REST,  OR  MOVE  UNIFORMLY  IN  A  RIGHT  LINE. 

Case  I. 

Let  one  hody  stand  still,  and  tlie  other  move  directly  to  or  from 
it  in  a  right  line;  then,  since  the  centre  of  gravity  divides  the  di^ 
tance,  in  a  given  ratio,  and  the  distance  increases  uniformly, 
therefore  that  centre  moves  imiformly.  Now,  suppose  the  other 
hody  likewise  to  move  in  the  same  right  line,  and  any  quantity 
of  space  to  move  along  with  it ;  then,  since  the  body  is  rela- 
tively at  rest  in  this  space,  the  centre  of  gravity,  in  regard  to 
that  space,  moves  uniformly;  to  which,  adding  or  subtracting  the 
uniform  'motion  of  that  space,  the  centre  of  gravity  will  still 
move  unifonnly. 

Case  II.  (1%.  4.  P/.  Vn.) 
Let  the  bodies  move  in  one  plane,  in  the  directions  DE,  AB; 
produce  their  lines  of  direction  till  they  meet  in  D,  and  when  one 
body  is  in  D  and  £,  let  the  other  be  in  A  and  B  respectively. 
Let  H  be  their  centre  of  gravity,  when  in  D  and  A;  and  K,  when 
in  £  and  B ;  and  draw  HK,  and  make  BP  =:  AD,  and  draw 
£P,  and  KL parallel  to  AB ;  then  DE  is  to  AB  or  DP,  in  the 
given  ratio  of  the  motion  of  the  bodies ;  and  since  the  EDP  is 
nven,  therefore  all  the  angles  of  the  triangle  EDP  are  given,  and 
DP  will  be  to  PE  in  a  given  ratio.  But  by  similar  triangles  PE 
is  to  PL  in  the  given  ratio  of  BE  to  BK,  by  the  property  of  the 
centre  of  gravity,  therefore  DP  is  to  PL  in  a  ffiven  ratio.  And  all 
the  angles  in  the  triangle  DPL  are  given,  and  therefore  the  angle 
PDL.  Therefore  the  point  L  is  always  in  the  line  DL  given  in 
position.  And  by  the  nature  of  the  centre  of  gravity,  DA  :  DH 
::EB  :  EK  ::  PB  or  DA  :  LK.  Therefore  DH  =  LK, whence 
DHKL  is  a  parallelogram,  and  HK  parallel  to  DL,  and  therefore 
the  angle  BHK  is  given  ;  and  the  centre  of  gravity  K  is  always  in 
the  rig^t  line  HK  given  by  position.  And  because  all  the  angles 
of  the  triangles  DPL,  and  DLE  are  given ;  therefore  the  lines 
DP,  DE,DL,  that  is,  AB,  DE,  HK  are  in  a  given  ratio;  and,, 
consequently,  the  point  K  moves  uniformly  along  the  right  line 
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HK.  And  the  demonstration  is  in  the  same  mannery  if  one  ol 
the  bodies  B  moves  from  B  towards  A. 

Case  III.  {Fig.  5.  PL  VH.) 
Let  the  paths  of  the  bodies  AB,  DE,  be  in  difeen 

})laDes.  Through  the  path  AB  draw  a  plane  Bde  jpanl 
el  to  the  path  DE^  and  through  DE  draw  the  plane  DdeE  per 
pendicular  to  Bde,  produce  AB  to  d,  and  let  Dd,  Ec  be  perpendi 
cular  to  de.  Then  the  planes  DdA,  EeB,  will  be  perpendicular  ti 
the  plane  edB.  Let  one  body  be  in  A  and  B,  when  the  other  i 
in  D  and  E  respectively.  Now,  if  the  body  at  D  were  to  mof 
in  de,  then,  (by  Case  2.,)  the  centre  of  gravity  would  move  uni 
formly  along  some  right  line  HK;  through  IiK  erect  the  plan 
HK/cA  perpendicular  to  HBK.  Then,  by  similar  triangles,  an 
the  nature  of  the  centre  of  gravity.  Ah:  hT>  H  (AH  :  HD;  :BK 
Ke  : :)  B^  :  kE,  And  hk  is  the  path  of  the  centre  of  gravity  ( 
the  bodies  moving  in  AB,  DE.  Likewise,  "Dd  : ■  HA  l\  Ad:  A} 
::  6E  :  BK  : :  cE  or  M  :  Kfc  ;  therefore,  WiszKk,  and  A*  i 
equal  and  parallel  to  H^,  therefore  the  centre  of  gpnavibr  of  tl 
bodies  (moving  in  AB,  DE)  moves  uniformly  through  the  rigl 
line  Idz. 

Case  IV. 

The  common  centre  of  gravity  of  two  bodies,  and  a  third 
either  at  rest,  or  moves  uniformly  in  a  right  line ;  for  these  tn 
may  be  put  into  the  place  of  their  centre  of  gravity,  which  befoi 
moved  uniformly ;  and  then  the  centre  of  gravity  of  the  three  wi 
move  uniformly.  Likewise  the  common  centre  of  gravity  of  thn 
bodies  and  a  fourth,  will  move  uniformly  in  a  right  line,  and  i 
on. 
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jvpon  each  other,  is  at  rett;  and  the  actions  of  all  the  bodies  being 
the  sum  of  the  actions  of  every  two,  it  is  evident  the  centre  of 
gravity  of  all  the  bodies  remains  the  same,  as  if  the^  did  not  act 
at  all  upon  one  another;  and,  therefore,  is  at  rest  in  this  space, 
or  moves  uniformly  forward  along  with  it 

Cor,  1.  Hence  ^  a  body  he  projected  into  free  tpaee^  if  it  have 
mijf  drcttlar  motion^  tkit  moHon  will  be  performed  wdformfy  about 
an  axitpatwig  tknmgh  the  centre  of  gramty. 

For  if  every  particle  of  the  body  retained  the  distinct  motion 
first  impressed  on  it;  the  common  centre  of  gravity  of  the  whole 
would  move  in  a  right  line,  by  the  last  Prop.  And  since  the  co- 
hesion of  the  parts  of  the  body  retains  Ihe  particles  in  one  mass, 
therefore  (b^  mis  Prop.)  the  motion  of  the  centre  of  gravity  is  not 
altered,  whidi  it  would  be  if  the  axis  of  circular  motion  did  not 
]pas8  thxou^  the  centre  of  gravity,  but  through  some  other  point. 

Cor,  2.  And  if  a  body  be  hurled  into  the  air,  itx  centre  of  gravity 
wiU  other  move  in  a  nghi  Ime,  or  detrribe  a  panAola ;  wmUt  that 
boefy  revolves  about  an  axis  poising  through  the  centre  of  gravity^  if  it 
have  aiay  circular  motion. 

PROP.  L.  iFig,  6.  PL  VII.) 

The  sum  of  the  motions  of  several  bodies  in  ant  given 
direction,  is  the  same  as  the  motion  of  all  the  bodies 
in  the  same  direction,  moved  with  the  velocity  of  their 
common  centre  of  gravity. 

Let  the  bodies,  A,  B,  move  round  the  centre  of  gravity  C  at 
rest,  to  the  places  a,  b;  draw  BCA,  bCa.  Then,  since  A  :  B  : : 
BC  :  AC  be  :  ac  ;  ^refore  the  triaoKles  ACo,  BC6,  are  simi- 
lar, and  bBc  ir  2.  CA/i,  therefore  Bb  is  parallel  to  Aa,  and  the 
bodies  move  in  contrary  directions.  Also,  since  Aa  :  Bb  AC : 
CB  : :  B  :  A,  or  Aa  X  A  =z  B6  X  B.  Therefore  the  motions 
of  A,  B,  in  contrary  directions  are  equal,  or  their  motion  the  same 
way  is  0.  Now  let  the  space  and  bodies  moving  in  it,  be  moved 
in  any  direction  with  any  velocity  v  ;  it  is  manifest,  the  motion  of 
each  body  in  that  direction  will  be  greater  than  before,  by  the 
quantity  of  matter  x  velocity.  Therefore,  the  sum  of  the  motions 
is  now  vA  -{-  vB  or  t;  x  A  4-  B,  that  is,  equal  to  the  sum  of 
the  bodies  x  velocity  of  the  centre  of  gravity. 

After  the  same  manner,  the  motion  of  three  bodies  is  the  same 
as  the  motion  of  two  of  them,  moved  with  the  velocity  of  their 
common  centre  of  gravity,  together  with  the  motion  of  the  third ; 
that  is.(b^  what  has  been  shown)  equal  to  the  sum  of  all  the  three, 
moved  with  the  velocity  of  the  centre  of  gravity  of  all  the  three  * 
'and  so  for  more  bodies. 
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Cor,  The  centre  of  gravity  of  a  body  must  be  taktn  for  the  pla 
of  the  body.  And  the  motion  of'  any  bodb/,  or  of  am/  system  of  bodii 
must  be  estimated  by  the  motion  of  the  centre  of  gravity. 

PROP.  LI. 

If  two  weights  on  any  machine  keep  one  another  in  eqc 

LIBRIO,  IF  they  be  ANY  HOW  RAISED  OR  MOVED  BY  HELP  ' 
THE  MACHINE,  THE  CENTRE  OF  GRAVITY  OF  THE  WEIGHT  AJ 
POWER  WILL  ALWAYS  BE  IN  THE  SAME  HORIZONTAL  RI01 
LINE. 

For  in  the  lever,  the  centre  of  gravity  is  at  the  fulcrum,  an 
therefore,  it  neither  ascends  nor  descends.  In  the  wheel  a: 
axle,  and  in  the  pulley  or  any  combination  of  pulleys,  the  weif 
and  power  approach  or  recede  from  each  other,  by  spaces  whi 
which  are  reciprocally  as  the  bodies ;  and,  therefore,  their  cenl 
of  gravity  is  at  rest.  And  upon  any  inclined  plane,  the  perp< 
dicular  velocities  of  the  power  and  weight  (by  Cor.  4.  At 
'  XXXIII.)  are  reciprocally  as  their  quantities,  and  the  distance 
the  centre  of  gravity  from  each,  being  in  the  same  ratio,  is  a 
at  rest.  And,  universaHy,  in  any  combination  of  these,  or  a 
machine  whatever,  where  the  equilibrium  continues,  the  asci 
and  descent  of  the  power  and  weight  being  reciprocally  as  th 
quantities,  the  centre  of  gravity  neither  ascends  nor  descends. 

PROP.  LII.  {Fig.  8.  PL  VII.) 
If  a  heavy  body  AB  be  suspended  by  two  ropes  AC,  B! 

A  RIGHT  LINE  PERPENDICULAR  TO  THE  HORIZON  PASSI 
THROUGH  THE  INTERSECTION  F,  OF  THE  ROPES,  WILL  A] 
PASS  THROUGH  THE  CENTRE  OF  GRAVITY  G,  OF  THE  BODY. 
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Cor,  3.  If  the  centre  ofrrmjityfM  not  m  the  Ime  FG,  ike  body 
will  notreittiUit  fall  m  that  line, 

PROP.  LUI.   (Fig.  7.  Pi.Vn.) 
If  any  body  wateveb,  as  BC,  or  axy  beam  loaded  with  a 

WEIGTy  be  supported  BY  TWO  PLANES  AB,  CD,  AT  C  AND 
6  ;  AND  PROM  THE  POINTS  C,      THE  UMES  CF,  BF,  BE  DRAWN 
PERPENDICULAR  TO  THESE  PLANES;  AND  FROM  THE  IMTERSEC-. 
TION  F,THE  LINE  FH  REDRAWN  PERPEVDICULAR  TO  THE  BO- . 
RIZONy  IT  WILL  PASS  THROUGH  THE  CENTRE  OF  GRAVITY  G,  OP  • 
THE  BODY. 

For  since  the  body  is  sustained  hy  the  planes  at  B,  C,  and 
these  planes  re-act  against  the  body  in  the  perpendicular  direc- 
tions BF,  CF ;  therefore  it  is  the  same  thing  as  if  the  body  was 
sustained  by  the  two  ropes  BF^CF;  and»  consequently  (by  Prop, 
last),  FH  will  pass  through  the  centre  of  gravity  of  the  whole 
weight. 

Cor.  1.  I/BG  be  draum  parallel  to  CF,  then  the  whole  weight, 
the  pressure  upon  the  planet  CD,  AB,  are  reipectivefy  as  FG,  £G, 
£F ;  and  in  these  very  directions ;  or^  as  the  sines  of  the  angles 
BFC,BFG,<m(iCFG. 

Cor,  2,  If  the  line  FG  drawn  (from  the  intersection  of  the  per- 
pendiculars FC,  FB)  perpendicular  to  the  horizon,  does  not  pass 
through  the  centre  of  gravity,  the  body  will  not  be  sustained^  but  will 
tnove  till  the  centre  (f gravity  fall  in  that  line. 

Cor,  3.  Hence,  if  the  position  of  one  plane  C  D  be  given, 
and  the  position  of  the  botfy  CB,  and  its  centre  of  gravity  G ; 
the  position  of  the  other  plane  AB  may  be  found,  by  which  the 
bo^  will  be  supported,  by  drawing  CF  perpendicular  to  CD,  and 
Gr  perpendicular  to  the  horizon;  and  from  ¥  drawing  ¥B ;  then 
BK perpendicular  to  it  is  the  other  plane. 

Scholium. — Some  people  have  objected  against  the  truth  of  the 
two  last  Propositions,  as  well  as  some  others,  though  demonstra- 
bly proved.  But  this  arises  only  from  their  own  ignorance  of  the 
principles.  They  that  have  a  mind  may  see  this  very  Propo  - 
sition  demonstrated  five  or  six  different  ways  in  Prop.  XXIX. 
of  the  small  Treatise  of  Mechanics,  published  in  Vol.  Vll.  of  the 
Cydomatbesis. 

PROP.  UV.  (Fig,  10.  PL  vn.) 

If  a  HEAVY  BODY  AD,  WHOSE   CENTRE  OF  GRAVITY  IS  G,  BE 
SUSTAINED  BY  THREE  FORCES  A,  B,  C,  IN  ONE  PLANE,  ACTING 
■   IN  DIRECTIONS  AH,  BI,  CD.     AnD  if  FGP  BE  DRAWN  PER- 
PENDICULAR TO  THE  HORIZON,  AND  CD  PRODUCED  TO  CUT  IT 
IN  P;  AND  IF  AH,  BI  PRODUCED,  INTERSECT  IN  O;  THEN  IF 
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OP  BE  DRAWN,  AND  IF  £P  AND  OF  BE  DRAWN  PARALLEL  T 
AO  AND  PC;  THEN  I  SAY  .THE  WEIGHT  OF  THE  BODY,  TB 
THREE  FORCES  A,  B,  C,  ARE,  RESPECTIVELY,  AS  FP,  EP,  EC 
OF. 

Because  the  line  OP  is  unmoved,  the  point  O  is  sustained  I 
three  forces  in  directions  OP,  OA,  OB ;  which,  theiefore,  are  i 
the  lines  OP,.EP,  OE.  Also,  the  point  P  is  sustained  by  An 
forces  in  the  directions  PO,  PC,  GP ;  which,  therefore,  are  as  tl 
lines  OP,  OF,  FP :  of  which  that  in  direction  FP  is  the  weigl 
of  the  body,  at  G  the  centre  of  gravity.  And  the  forces  at  < 
and  P,  in  the  direction  OP  and  PO,  are  equal  and  contrary. 

Cor.  Hence,  if  any  other  force  instead  of  the  weight  act  at  G,  i 
direction  GP ;  then  the  forces  at  V,  A,  B,  C,  will  be  respectiioefy  t 
FP,  EP,  EO,  OF. 

Scholium. — ^If  one  of  the  forces  be  given,  all  the  rest  may  I 
found,  if  they  act  two  and  two  at  different  points  O,  P.  But, 
five  forces  act  in  one  plane,  two  of  them  must  be  given. 

PROP.  LV.  {Fig.  9.  PL  VU.) 
If  EBDF  be  any  prismatic  solid  erected  upon  a  plane  AD 

AND  IF  it-  be  cut  BY  ANY  PLANE  AGH  ;  I  SAY,  THE  SURF  AC] 
OR  SOLID  GBDH,  CUT  OFF  BY  THIS  PLANE,  IS  RESPECTIVEL 
EQUAL  TO  THE  SURFACE  OR  SOLID  EBDF,  WHOSE  ALTITUDE  I 
CI,  THE  LINE  PASSING  THROUGH  THE  CENTRE  OF  GRAVITr  0 
THE  BASE,  AND  PARALLEL  TO  THE  AXIS  OF  THE  SOLID. 

I  shall  not  demonstrate  this  geometrically  by  measuring,  bt 
mechanically  by  weighing  them.  Suppose  the  periphery,  or  th 
base,  BD,  to  be  divided  into  an  infinite  number  of  equal  parti 
by  planes  perpendicular  to  the  horizon,  and  parallel  to  the  axi 
of  the  solid,  and  to  one  another  ;  and  imagine  AD  to  be  a  levej 
and  let  fiich  pnrricle  bt::  ptared  <Tn  AD  wlu'i-^?  its  nkim'  cms  it 
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mrface  or  wUd  whote  hate  it  the  line  or fgurt  given,  and  height 
equal  to  the  ank  deteribed  by  thecenire  of  gravity. 

(Fig.  1 .  PI.  Vni.)  Let  BDdb  be  the  figure  geiierati*d.  On 
ihe  base  BCD  erect  the  mrhce  or  solid  BDhE,  and  let  C  be  the 
centre  of  gravi^.  Since  the  arches  B6,  Dd,  ere  as  the  radii, 
AB^AC,  AD,  diatiSyas  BG,CI,DH :  therefore^  if  CI  =  Ccythen 
win  all  the  lines  BO,  CI,  DH,  &c  =  all  the  arches  B&,  Cr,  Dd; 
&c.;  ftat  is,  tlie  sar^.  or  solid  BDdb  =  BDHG,  that  is  (by 
this  Prop.)=BDf£. 

Cor,  2.  JZiOy  tf  a  cnrve  revolva  about  any  right  Km  ikmon  through 
iti  centre  of  grmfity  ;  the  turfacet  generated  {either  by  a  partial  or 
total  revehdian)  on  i^poute  ikks  of  the  inte,  wUl  be  equal. 

For  (by  Cor.  S.  Prop.  XUV.)  each  part  of  the  curve  multiplied 
by  tfie  distance  of  its  centre  of  mmj  from  this'  line,  mast  be 
equal  on  both  sides.  And,  by  Cor.  2.,  eadi  smtet  ,fMMited, 
is  e<^aal  to  tiie  carta  multiplied  by  the  ardi  described  at  ^Qm  dis- 
tance; and  these  uches  (ueing  similar)  are  as  these  distances. 
Whence,  surface  is  as  the  curve  multiplied  by  the  distance  of 
its  centre  of  gravity ;  and,  therefore,  diey  are  equal. 


SECTION  SIXTH. 

OF  THE  CENTRES  OF  PERCUSSION,  OSCILLAJ 
TION,  AND  GYRATION. 


PROP,  LVI.  {Fig.  2.  FL  VIIL) 

LkT  TDERE  be  any  system  of  bodies  Aj  B,C,  CONSIDEItEO  WJTH-^ 
OUT  WEIGHT,  AND  MOVEAHLE  ABOUT  AN  AXIS  I'ASSlNC  THHOUG|t 
S;  AND  IF  ANY  FOECE^^*CAN  CENERATE  THE  ABSOLUTE  MOTlOK 
m       A  OtVEN  TIWE  *  JF  THE  StME  FOUCE  ACT  AT  Pj  PERPENDI-J 
CVLAE  TO  PS;  THE   MOTION*   GENtRATED   IN  THE  aYSTEM,  Im' 
THE  SAM£  TIME,  REVOLVING  ABOUT  THE  AXIS  AT         WILL  BE 

A  K  SA  +  B  X  SB  +  C  X  SC  5^  sp  ^  ^ 

A  X  SA'-^  B  X  SB*+  C  X  SC  '  I 

For,  suppose  PS  perpendicubr  to  the  axis  at  S,  and  to  the  lioe^ 
of  direct  ion  PQ*    And  SA,  SB,  SC,  perpendicular  to  the  nxh  at 
S*    And,  suppose  the  force  J' divided  into  thf?  parts        r,  actina 
separately  at  f,  to  move  A/B,  C\    Tlien  (by  Cor.  3,  Prop.  XIX J 
the  iMxiies  A,  R,  C,  will  be  acted  on  re^ipectiveiy  with  the  for^ 
SP     SP  SP 

i-A"  SB^'  SC^- 
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Since  the  angular  motion  of  the  whole  aystem  is  the  same,  the 
velocities  of  A,  C,  are  as  SA,  SB,  SC ;  and  their  motions  as 
A  X  SA,  B  X  SB,  C  X  SC ;  and  these  motions  are  as  their  ge- 

aerating  forccs^p,  ??a,  ??r.   Whence  d,  7,  r,  are  as  l.^!?^*. 
*         SA^'  SB*'  SC  ^  SP 

B  X  SB*    C  V  SC 

— il_ — ,  ■  potthesumof  these  =  I,  and  since;! + 

SP  SP 

9  +  r  =/.  Hierefo.^  .  :  /::  /x  AxSA'_^ 

And  ^.p=/2L^J<_§A^  =:  force  acting  at  A.  Then/:m:: 
SA  I 

/X  Ax  $A  .  mx  A  X  SA_  ^ 

9  s 

manncr-!!L?L5jl??,  ^  X  C  X  SC       ^  motions  of  B  and 

f  s 

C.   Therefore,  the  whole  motion  generated  in  the  system  is, 

AxSA  +  BxSB  +  CxSC^„ 
 _   x  m. 

Car.  1.  Ifyaumake  SO -A  x  SA' +  B  X  SB^  +  C  X  SC» 
AxSA+BxSB+CxSC, 
then  if  all  the  bodies  be  placed  tn  O,  the  motion  generated  in  the  lyt- 
teni  will  be  the  same  as  before,  as  to  the  gtumtitjf  of  motion,  or  the 
sum  of  all  the  absohUe  motions;  but  the  angular  velocity  will  be 
different. 

For  the  motion  generated  in  these  two  cases,  will  be 
A  X  SA  +  BxSB+CxSC  ^ and  A+B+CxSO 
A  X  SA'  +  B  X  SB»+  C  X  SC« 

X  SP  X  fn;  and  if  these  be  supposed  to  be  equal,  there  comes 
out  SO  =  A  X  SA»  +  B  X  Sfr  +  C  X  SC» 
A  X  SA  +  B  X  SB  +  C  X  SC 

Cor.  2.  The  angular  velocity  of  any  system  A,  B,  C,  generated  in 
u  given  time,  by  any  force  f,  acting  at  P,  perpendicular  to  PS,  if  as 

 SP  x/  

A  X  SA«  +  B  X  SB»  +  C  X  SC«' 

For  the  angular  velocity  of  the  whole  system  is  the  same  as 
of  one  of  the  bodies  A.  But  the  absolute  motion  of  A  is  = 
w  X  A  -I-  SA        ^y^^  absolute  velocity  of  A  =  HtJL^;  but 

$  s 
the  angular  velocity  is  as  the  absolute  velocity  directly,  and  the  ra- 
dium or  distance  reciprocally;  therefore  the  angular  vel.of  A,and, 
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consequently,  of  the  whole  system,  is  as  —  or— —JUL— 

9     Ax  SA',  hA 

that  is,  (because  »i  is  as  the  force  /I)  as  fy^^^ 

AxSA»  +  BxSB 

Cor.  3.  Hence,  there  will  be  the  same  angular  vehdty 
rated  in  tfie  si/stem,  and  with  the  same  force,  a$\  there  wm 
in  a  single  body  placed  at  P,  and  whose  quantity  of  tmU 
A  xSA^  H-  B  X  SB^  +  C  X  SC» 
SF  • 

For  let  P  =  that  body,  then  (by  Cor.  2.)  since/  and  SI 
given,  the  angular  velocities  of  the' system  and  body  P,  m 

to  one  another,  as   1  tn  ^  Whic 

A  X  SA'+B  X  SB«,  &c.    P  X  SP» 

•  ing  supposed  equal,  we  shall  hav«  P —Ax  SA»4-B  X  SB'-f  C : 

Cor,  4.  The  angular  motion  of  any  systeniy  generated  by  \ 
form  force,  will  be  a  motion  wdforndy  accelerated. 

PROP.  LVII.  {Fig.  3.  P/.  VIII.) 

To  FIND  THE  CENTRE  OF  PERCUSSION  OF  A  SYSTEM  OF  BODIl 
THE  PO^NT,  WHICH  STRIKING  AN  IMMOVEABLE  OBJECT 
SYSTEM  SHALL  INCLINE  TO  NEITHER  SIDE,  BUT  Bl^T  AS  IT 
IN  EQUILIBRIO. 

Through  the  centre  of  gravity  G  of  the  system,  draw  a 
perpendicular  to  the  axis  of  motion  in  S.    And  if  the  bodii 
not  all  situated  in  that  plane,  draw  lines  perpendicular  to  i1 
the  bodies,  and  let  A,  B,  C,  be  the  places .  ot  these  bodies  i 
planed  SGO,  aii6  Uf  O  be  the  centre  of  perwnoD. 
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ibe  distance  of  the  centre  of  percuasioDy  from  the  axia  of  motion. 
Where  note,  if  any  points/,  A,  fidl  on  the  contrary  tide  of 
S,  the  correspondent  rectangles  most  be  negative^  —  Ax  S/; — 
B  X  Sg,  kc. 

Car.  1.  TfG  be  ike  centre  of  gravity  of  a  tygtem  of  bodiet  A,  B, 
C,  the  SHmce  of  the  centre  <f  percunkmfrom  the  axit  of  motion, 
eto  tt.SO  =  A  X  SA«  4-  B  X  SB*  -f-  C  X  SC,  &c. 
^  SGx  A-f  B  +  C,&c. 

For,  by  Prop.  XUV.,  AxSf+BxSjjr+CxSAs: 
A  +  B  +  C  X  SG. 

Cor,  2.  1^  dtsttmee  of  the  centre  of  peretuikm  from  the  centre 
ofgravity  G,uGO  ='^^'  ^  A  +  0^x^60  x  C 

SGx  A  +  B  4-  C 

For,  A  X  SA«+B  X  Sg+C  X  SC«= A  x  SG*-fGA'— 2SG  x  Qf' 
+B  X  SG»+  GB»+  2SG  X  Gg  4-  C  X  SG«  +  CG»+2SG  x  GA,  by 
gucI.JI.  12  and  13.  But,  (by  Cor.  2.  Prop.  XUV.)  —  Ax 
(y-f  BxGg-hC  X  GhzzO;  therefore  AxSA»4-BxSB»-fCx 
SC»  =  A+B+C  X  SG»  +  A  X  GA^  -h  B  X  GB»  -f  C  x  GC*. 
Whence  (by  Cor.  1.)  SO  or  SG  +  GO  =  SG'  x  A^-B-fC 

SG  X  A4^B-f  C 

^AxGA*  4-  B  X  GB«  4-  C  X  GC» 

SG  X  A  4-B  4-  C 
Cor.  3.  Hence,  SG  x  GO  r:  the  ghen  qtumtUy 
AxOA'  +  BxGB»  +  CxGC?  .  ^  ^^^^  GO  i.  red- 

A  4"  B  4"  C 
procaUy  as  SG. 

•  Foif  eadiof  the  bodies  A,  B,  C,  and  their  distances  from  G,  are 
giVeta. 

Cor.  4.  Hence,  also,  ifSdhe  given,  GO  will  be  given  oho.  And, 
therefore,  if  the  plane  of the  motion  remain  the  same,  in  respect  to  the 
bpiiet^  anithe  distanceSG  remain  the  same,  the  distance  of  O  from 


Cor.  5.  The  percussion  orqumOity  of  the  stroke  at  O,  by  the  motion 
ofthe  SjfStem,u  the  sambas  it  would  be  at  G ;  stqmosing  aU  the  bodies 
placed  m  G,  and  the  angular  velocity  the  same.  For  the  sum  of  the 
mo^ionsof  A,  B,  C,  m  the  system,  acting  against  O,  mos Ax SAx 
SA^l^^.5.Tl^.SB  p^^p^SC,.AxSA'4-BxSP4-CxSC» 

SO  so^        SO  so 

nSGx  A4-B4-C  (by  this  Prop.)  but  SGx  A4-B4-C,  denotes  the 
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motion  of  A-^B+C,  acting  against  G,or  an  obstacle  piaced  the 

Cor,  6.  Ill  a  body  or  system  of  bodies,  otcillating  about  a  centre 
if  V  be  the  velocity  of  O,  the  centre  of  percuwon;  the  $kddt 
quantity  of  the  stroke  at  any  point  P,  aeainst  an  obstack  the 

«  SG 

"  gp  X  V  X  sum  of  the  bodies,  or  of  the  whole  system,  and,  the 

fore,  are  reciprocalli/  as  SP.  For  the  velocity  of  A  being  denoted 
SA,  its  quantity  of  motion  is  Ax  SA.    But,  by  t/ie property  ef\ 

lever  ASP,  its  quantity  of  motion  against  P  is,  A  x  S  A  x  ^ , 

SP 

^L^l:^.  In  like  manner,  the  motionsofB,  C,against  F  arclL^ 
C  vSC* 

■  ^     >  therefore  the  sum  of  all,  or  the  whole  stock  against  P, 
SP 

AxSA.+BxSg+CxSC;  «cy«H»%  «.  SP, 

the  rest  being  given  quantities.  But  by  this  Prop.  AxSA*+B 
SB»-HCxSC»_  SG 


^P   spXSOxA-fB-fC;  where  SO  denotes  i 

velocity  of  O,  the  same  as  V. 

Cor.  7.  jyOT  be  drawn  perpendicular  to  SO,  then  (XT  will 
the  locus  of  all  the  centres  oj  percussion. 

For  the  direction  of  O  is  in  the  line  OT;  and,  therefore,  it 
the  same  thing  which  point  of  the  line  OT  strikes  an  obstacle. 

PROP.  LVin.  (F^.  6.  P/.  VHL) 
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L&ewiee  die  aagnlar  velocity  which  any  partiele    titaated  in  O, 

generates  in  the  mtieoi.bT  its  weidit.  is  ^  ^  ^  or  ..^L- 
'  ^     p  X  SO^  fSO\ 

or  — ^-^^  ,  because  of  the  similar  triangle  SgG,  SrO.  But 

SO  X  SO 

dieir  TibratioDS,  and  ererj  part  of  them,  are  performed  alike ;  there- 
fore their  angular  velocities  mast  be  every  where  eqnai ;  that  is, 

-Sex  A  +  Si,xB-HSrfxC  ,     Sg  ^ 
f  SGxSO 

tion  SO  =^x—  f  — — But  (by  Prop. 

SG   --Se  X  A-HS»x  B  -h  Sd  xC  ^ 

XLIV.)  — SexA+SiixB+SrfxC=S^XA+B+C.  Tbercfoie 
the  distance  of  the  centre  of  oscillatiou  from  the  axis  of  motion, 
SO  =  *     •        -  Ax  SA«+B  X  Sg+  C X  SC«,  fcc. 

SGx  A+B  +  C  SGx  A+B  +  C,&c. 

AxSA«-hBxSB'+CxSC«,&c.  Where AxSa,BxS6,&c. 
-AxStf +BxS*  +  CxSf,&c.  ^ 
must  be  negative,  when  a,  6,  fcc.  lie  on  the  contrary  side  of  S. 
And  since  all  these  quantities  are  the  same  at  all  elevations  of  the 
axis  SO ;  therefore  the  point  O  is  rightly  found ;  and  the  system 
has  such  a  point  as  is  required.  Likewise,  it  appears  by  Cor.  1. 
of  the  last  Prop,  that  the  centre  of  oscillation  is  the  same  with  the 
centre  of  percussion. 

Car.  1.  Ifp  he  any  particle  of  a  hotfy,  d  its  dittance  from  S,  the 
arts  of  motion;  G,  O,  the  centres  of  gravity  and  oscillation ;  then 
the  dtttance  of  the  centre  of  oscillation  of  the  body y  from  the  axis  of 
motion^SO  =  '^offi^P^dd 
SG  X  body 

Cor.  2.  If  the  bodies  A,  B,  C,  be  large,and,  therefore,  the  centre 
of  oscillation  of  each,  not  in  the  centre  of  gravity;  let  d,  e,f  be 
the  reactive  distances  of  their  centres  of  gravity,  and p,q,  r,  of 
their  centres  of  oscillation,  from  S.  T/ien  will  the  distance  of 
the  centre  of  oscillation  from  S,  the  axis  of  motion,  SO  i= 
^A_±egt  xJrC_  _  dpA  ^  egBj-  frC 
AxSa+BxSi+CxSc     SG  x  A^-B+C* 

For  let  0,  6,  c,  be  any  particles  in  A,  B,  C;  and  x,  y,  i, 
their  distances  from  S  respectively.  Then,  \yy  this  Prop.  SO  n 
sum  j<aH-sum yybj^^jamzzc'  g^^surnxxa  _ 

SG  X  A+B+C    '  ^  ^       .  „^ 

=:£|»A,  and  sum  yyb  =  ebB,  and  sum  txe  2=  JiC  ;  and  SG  X 
A+B+C  =  SflXA+S^xB+ScxC. 


i 
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Cor,  3,  To  find  the  centre  of  ouiUation  of  an  vrregular  hoAf^  n 
pend  it  at  the  fiven  pointy  and  hang  vp  a  tingle  pendulum  qfmuk 
length,  that  niMng  them  both  vibrate,  they  may  keep  time  togieAi 
Then  the  length  of  thispendidum  is  equal  to  the  distance  of  me  a 
ire  of  suspension  from  the  centre  of  oscillation  of  the  body. 

Cor.  4.  What  has  been  demonstrated  by  the  last  Prop,  and  C 
1,  2,3,  4, /or  the  centre  of  percussion  holds  equdUy  true  for 'the  a 
tre  of  osciuatim. 

Scholium. — I  shall  just  take  notice,  that  if  the  distance  of  1 
axis  of  suspension  from  the  centre  of  gravity  SO,  be  made  eqi 
to  ^GA«^X_A+GB-xB-hGCH>_C        ^   ^  ^ 

A  +  B  +  C.  ^ 
late  in  the  least  time  possible. 

In  very  small  bodies,  or  any  bodies  oscillating  at  a  great  d 
tance  from  the  axis  of  motion,  the  centre  of  oscillation  or  peio 
sion  is  in  or  very  near  the  centre  of  gravity.  And  the  real 
why  the  centre  of  oscillation  or  percussion  is  not  alwayi 
the  centre  of  gravity,  is  because  the  body  in  vibrating 
made  to  turn  about  a  centre.  But,  if  it  be  so  contrived 
always  to  move  parallel  to  itself,  without  any  circular  motion, 
centres  of  gravity,  of  oscillation,  and  percussion  vnll  be 
same. 

The  distance  of  the  centres  of  oscillation  and  percussion,  ft 
the  axis  of  motion,  as  calculated  by  Cor.  1,  is  as  follows.  Wh 
the  axis  of  motion  is  at  the  vertex,  and  in  the  plane  of 
figure. 

1.  In  a  right  line,  small  parallelogram,  and  cylinder,  |  the  i 
of  the  figure. 
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and  let  SAy  SB,  SC,  be  the  nearest  distances  of  the  bodies  A,  B, 
C,fromtiie  axis  SR;  and  let  the  force  /*  act  at  P,'  in  direction  PQ 
perpendicular  to  PS;  then  (by  Cor.  2.  Prop.  LVI.)  the  angu. 
kr  melodty  generated  in  the  system  by  the  force  ^  will  be  as 
SP  X  f 

1  .  ^ —  — ,  and  in  the  system  placed  in 

Ax  SA«+Bx  SB"  ^-C  X  SC*  '  ^ 

•                    SP  X  f 
O,  It  will  be  -   ;  and  if  these  Telocities  be  made 

A  +  B  +  C  X  SO» 
^.Aali W.SO«-  AxSA'+BxSB'+CxSC' 

A+B+C 

the  distance  of  the  centre  of  gyration  O  from  the  a^is  of  motion 
at  S,  that  is  SO  =  V  AxSA«-HBxSB»4-CxSC^ 

A+B+C 

Car.  1.  (Fig.  8.  PI.  VIII.)  Let  h  =,  guantitjf  of  matter  in  amf 
boefy  ABBJCSypamf  partkle,  d^ap,  its  distance  from  the  oris  of 
rotation  SR  :  then  the  square  of  the  distance  of  the  centre  of  gyrtb- 
tian,from  the  a^ris  of  motion,  that  is,  SO>  ^«^tf^^theddp 

Cor.  2.  (Fig.  5.  R.  VIII.)  Ifamf  part  of  the  system  be  supposed 
to  be  placed  in  the  centre  of  gyration  of  that  particular  part ;  the 
centre  of  gyration  of  the  whole  system  will  continue  the  same  as 
before' 

For,  by  this  Prop,  the  same  degree  of  force  which  moved  this 
part  of  the  system  before,  along  with  the  rest,  will  move  it  now 
without  any  alteration  ;  and,  therefore,  if  each  part  of  the  system 
be  collected  into  its  proper  centre  of  gyration,  the  centre  of  gyra- 
tion of  the  whole  will  continue  the  same. 

Cor.  3.  (Fig.  5.  PI.  MIX  )  If  a  circle  he  described  from  G,  the 
centre  of  gravity  of  the  system  ;  and  the  axis  of  rotation  be  made  to 
pass  through  any  point  S,  in  its  periphery  ;  the  distance  of  the  centre 
of  gyration  fiwn  that  point  will  always  be  the  same. 

For  (by  Cor.  6.  Prop.  XLIV.)  the  quantity  A  x  SA»  +  B  X 
SB*  +  C  X  SC»  wiU  be  given. 

Ccr.  4.  The  distance  of  the  centre  of gyration  from  the  axis  of 
motion,  is  a  mean  proportional  between  the  distances  of  the  centres  of 
gnmity  and  percussion  from  that  axis. 

It  follows  from  this  and  the  last  Prop. 

Cor.  5.  The  momentum  or  quantity  of  motion  of  the  whole  sys- 
tem, acting  aeainst  an  obstacle  at  O,  the  centre  of  gyration,  is  the 
same  as  if  aUthe  bodies  were  placed  in  O,  the  angular  velocity  re- 
morning  the  same.  For  the  momenta  or  quantities  of  motion  are  as 
the  forces. 


i 
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Scholium. — I^t  is  the  same  thing  on  whatever  side  of  the  ax 
of  rotation  SR,  Uie  point  O  or  centre  of  gyration  be  taken,  pn 
Tided  it  be  at  its  proper  distance. 

By  a  computation  from  Cor.  1.  the  distance  of  the  centre  • 
gyration  from  the  axis  of  rotation,  in  the  following  bodies,  wi 
be, 

1.  In  a  right  line  or  small  cyUnder  (revolving  abont  the  en 
SO  z=  length  x  >/ jT 

2.  The  p/one  of  a  circle^  or  cylinder y  (revolving  about  the  axi 
SO  =  radius  X  VJ. 

3.  Th^  periphery  of  a  drcfe,  (about  the  diameter)  SO  radi 


4.  Aeptoe  of  a  drcUy  (about  the  diameter)  SO  =  }  radius 

5.  The  surface  of  a  sphere,  (about  the  diameter)  SO  zz  radi 
X  VI. 

6.  A  globCf  (revolving  about  the  diameter)  SO  zz  radius  X 

7.  In  a  c(me,  (about  the  axis)  SO  z:  radius  X 

If  the  periphery  of  a  circle  revolve  about  an  axis  in  the  cent 
perpendicular  to  its  plane,  it  is  the  same  thing  as  if  all  the  mat 
was  collected  into  any  one  point  in  that  periphery.  And  1 
plane  of  a  circle  of  double  the  matter  of  this  periphery,  and  t 
same  diameter,  will,  in  an  equal  time,  acquire  the  same  angu 
velocity. 

If  the  matter  of  any  gyrating  body  were  actually  to  be  plai 
in  its  centre  of  gyration,  it  ought  either  to  be  disposed  of  in 
circumference  of  a  circle,  whose  radius  is  SO,  or  else  into  t 
points  O,  diametrically  opposite,  equal  and  equi-distant  from 
For,  by  this  means,  the  centre  of  motion  S,  will  be  in  the  cen 
of  gravity ;  and  the  body  will  revolve  without  any  lateral  force 
wards  any  side. 
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▼ity  G  would  tdU  move  forward  with  the  tame  Telocity  Gg ;  and 
Ae  body,  instead  of  rvyolnng  about  S,  would  (by  Cor.  1.  Prop. 
XLIX.freyolTe  about  G  with  the  same  angular  motion  as  be- 
fere.  Therefore,  if  rGo  be  drawn  parallel  to  Sgd^  Og  will  re- 
present the  Telocity  of  G,  and  Oo  the  Telocity  of  O  about  G. 
Andy  because  Oo,  Gg  are  Tery  small  similar  arches,  therefore 
dieir  drcumforences  will  be  described  in  equal  times ;  that  is,  in 
the  time  that  O,  or  the  body  itself,  makes  one  rcTolution  about 
G,  the  point  G  will  adTance  forward  a  space,  equal  to  the  cir- 
cimiference  of  a  circle,  whose  radius  is  SG. 
*  Now,  this  is  the  motion  acquired  by  rcTolnng  about  S.  But 
(by  Prop.  LVII.)  if  a  body  so  reroWing,  strikes  an  immoTeable  ob- 
ject at  O,  both  die  progresstre  and  circular  motion  will  be  de- 
stroyed, and  the  boay  will  be  at  rest.  It  iscTident,  on  the  contrary, 
diat  if  a  moTing  body  strike  the  body  at  rest  in  the  point  O,  with 
the  same  force,  the  same  motion  will  be  restored  again ;  and  is 
the  same  as  aboTe  described. 

Cor,  i.  At  the  beginmng  of  the  motion^  and,  also,  after  every  re- 
vobUion  of  the  hotfy,  when  the  line  SCO  comes  into  its  original  po- 
titUmf  so  as  to  be  perpendicular  to  the  line  of  direction  OB,  the 
poini  S  will  be  at  rest  for  a  moment. 

For,  in  this  position,  it  will  be  Oay  this  Prop.)  as  Telocity  of  O 
about  G  :  Telocity  of  G  : :  OG  :  GS.  And,  by  composition,  Te- 
locity O  about  G  Telocity,  G  that  is  absolute  Telocity,  O  :  ab- 
solute Telocity,  G;  :0g  +  GS  or  OS  :  GS.  Therefore,  since  the 
absolute  Telodties  of  O  and  G  are  directly  as  their  distances  from 
S,  it  follows,  that  the  point  S  b  at  rest. 

Cor.  2.  Let  a  botfy  A  =  SG  ^  body  EF ;  and  ifV  be  the  ve- 
SO 

lodty  w/dch  the  body  A  would  receive  by  the  direct  stroke  of  B ;  then 
1  say,  the  absolute  velocity  of  the  body  £F  (or  of  its  centre  of  gra- 
vity G,)  which  it  receives  by  B  impinging  at  O,  will  be  ^V. 

SO 

For  let  p  be  any  particle  of  the  body  £F,  and  Sp  its  dis- 
tance from  S.  Then,  (by  Cor.  3.  Prop.  LVI.)  if  a  body  =: 
sum  of  all  theSp*  X  />  ^  q    ^  j 

S0»  ^ 
gular  Telocity,  hy  the  stroke,  about  S  at  rest,  as  the  bodj  £F 
when  struck  in  6.    But  (by  Cor.  1.  Prop.  LVIII.)  sum       X  p 
z=SO  X  SG  X  bodyEF;  whence  the  body  SO  X  SG  x  body  EF 

"  SO' 
or  A,  placed  in  O,  receiTes  the  same  angular  Telocity  about  S, 
as  the  point  O  of  the  body  EF.   But  Telocity  of  O  or  A  :  Telocity 
G  : :  1^  :  SG.  For,  at  the  beginning  of  the  motion,  S  is  at  rest, 
by  Cor.  1. 


* 
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Car.  3.  The  velocity  lost  in  B  by  tlie  stroke,  will  he   ^  ^  - 

body  B 

SGy 

SO 

For  the  sum  of  the  motions  of  all  the  bodies,  after  the  stroke, 
the  same  as  the  motion  of  B  before  it,  by  Prop.  X. 

Scholium. — ^The  point  S  is,  by  some,  called  the  sprntaim 
centre  of  rotation;  because  the  body  (or  system  of  bodies)  ait 
beginning  of  the  motion,  moves,  as  it  were,  of  its  own  aoooi 
or  without  any  compulsion,  about  the  centre  S  at  rest. 

PROP.  LXL   (I%.9.  P/.VIII.) 
Let  DE  be  any  body,  C  its  centre  of  gravity,  and  ip  fb< 

THE  centre  C,  the  CIRCLE  BFS  BE  DESCRIBED,  AND  IF  ABO 
BFS  AS  AN  AXIS,  A  CORD  ASBFS,  BE  WOUND,  AND  THE  El 
FIXED  AT  A  ;  AND  IF  O  BE  THE  CENTRE  OF  OSCILLATION, 
RESPECT  TO  THE  CENTRE  OF  SUSPENSION  S,  THEN  IF  T! 
BODY  DESCEND  BY  A  ROTATION  ROUND  THE  AXIS  BFS,  BY  V 
WINDING  THE  CORD  ASBF,  &C.  ;  THEN,  I  SAY,  THE  SPACE  T 
SCENDED  BY  THE  WHIRLING  BODY  DE,  IS  TO  THE  SPACE  D 
SCENDED  IN  THE  SAME  TIME  BY  A  BODY  FALLING  FREELY, 
SC  TO  SO. 

Through  the  point  of  contact  S  and  the  centre  of  gravity 
draw  the  horizontal  line  SCO.  Then  (by  Prop.  LVIII.)  the  a 
gular  velocity  of  the  body  about  the  point  of  suspension  S,  at  t 
beginning  of  the  motion,  will  be  the  same  as  if  the  whole  bo< 
was  placed  in  O.    But,  if  a  body  was  placed  in  O,  its  velod 

generated  at  the  be^nning,  will  be  the  same  as  of  a  body  £ 
ng  freely,  Tlierefore^  drawinier  S^o  infinitely  Ptar  SCO,  and  t 
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point  O  be  let  go,  the  force  acting  at  O  will  generate  a  motion 
about  Sy  whilst  the  pressure  at  and,  conseouently,  the  tension 
of  the  cord,  is  neither  increased  nor  decreased,  but  remains  the 
same  as  before. 

Cor.  2.  If  a  circular  botfy,  oi  BFS,  runt  down  an  inclined  plane, 
wkiltt  the  thread  A&B  unfolds  ;  or,  fTa  round  bodtf  roll  down  an  tn- 
cUnedplaney  and,  its  Jriction,  be  kmdered/rom  slidkut,  the  space 
it  describes  m  a>^  time,  is  to  the  jpace  described  by  a  body  sluling 
down /reefy  without  Jnction,  as  SC  to  SO. 

For  ^  forces  that  generate  their  motions  are  both  decreased, 
in  die  same  ratio,  that  is,  as  the  absolute  graTity  to  the  lelatiye 
gravity  upon  the  plane ;  therefore,  the  spaces  described  will  remain 
in  thb  same  ratio  of  SC  to  SO.  And  in  the  rolling  body,  the  frio- 
ti<m  supplies  the  place  of  the  cord,  the  same  as  if  it  had  teeth. 

Cor.  S.  HusmoHomof  the  body  DE  by  rotation,  is  a  motims  tmi- 
forwiy^tKSoderated;  mi  the  tendon  of  the  cord  is  always  the  same, 
throughthe  mOwle  descent. 

Scholium.— 10.  PLVUl,)  Let  W  =  weight  of  a  body, 
S  =:  space  described  by  a  body  felling  freely.  Then  the  spaces 
described  by  rotation  or  whirling,  in  the  following  bodies,  as 
SBF,  in  the  same  time,  are, 

1.  In  the  circumference  of  a  circle,  SBF,  or  surfece  of  a  cylin- 
der, space  r:  4  S ;  tension  of  the  string  z=  j»  W. 

2.  In  the  circumference  of  a  circle,  SBF,  without  weight, 
and  the  weight  be  in  the  centre  C ;  space  iz  S,  tension  of  the 
^ring  0. 

3.  In  the  plane  of  circle  SBF,  or  a  cylinder,  space  =:  |  S,  and 
the  tension  of  the  string  AS  :=  ^  W. 

4.  In  the  surface  of  a  sphere  SBF,  space  =  |  S,  and  the  ten- 
sion of  the  string  AS  =  J  W. 

2.  In  a  sphere  SBF,  space  =  f  S,  and  tension  of  the  thread 
=  |W. 


SECTION  SEVENTH, 

THE    QUANTITY  AND    DIRECTION    OF  THE 
•  PRESSURE  OF  BEAMS  OF  TIMBER,  BY  ANY 
WEIGHTS,  AND  THE  FORCES  NECESSARY  TO 
SUSTAIN  THEM. 


PROP,  LXII.  {Fig.  t.  FL  IX.)  ^ 

If  A  BEAM  OF  TTMBEB  BE  SUPPORTED  AT  C  AND  B,  LTJNO  UPoif 
TttE  WALL  ACE,  WITH  ONE  EKD.  AnD  IF  G  BE  THE  CENTRE 
OF  GRAVITY  OF  THE  WHOLE  WEIGHT  SUSTAINED  ;  AKO  THE  LIKE 
FGH  BE  DRAWN  PERPENDtCtTLAR  TO  THE  HORlZONj  AND  CF 
AND  BH  TO  CBj  ASB  BF  BRAWN  J  I  SAT, 

THE  WEfCHT  OP  THE  WHOLE  BOUT  >  FH 
PRESSL^RE  AT  THE  TOP  C  I  BH 

THRtJST  OR  PRESSURE  AT  THE  BASE  ^FB,  AND  tUf  THESE  SE- 
B,  AREj  RESFECTlVELYj  AS  J      VERAL  DrRECTlONg. 

If  ihe  beam  support  my  wetght,  the  beam  aud  weight  must  be 
considered  tis  one  body,  whose  centre  of  gravity  is  G.  Then 
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the  end  C  is  sapported  by  the  plane  BCE;  and  (by  Cor.  3.  Prop. 
Lm.)  the  other  end  B  be  tuppoied  to  be  tottiined  hy  a 
plane  perpendkmlar  to  BF ;  theremre  (by  Cor.  1.  Prop.  Llll.) 
the  weight  and  forces  at  C  and  B,  are,  respectiTely,  as  FH,  BH, 
and  BF. 

\  Cor.  1.  Produce  FB  towards  Q,  then  BQii  the  direction  of  the 
pretsure  at  B;  ami  tkeprcuures  at  B  in  directiom  BQ^  FD,  DB, 
ore  OS  FB,  FD,  DB. 

Cor.  2.  Draw  Dr  perpendie^  to  BC,  and  draw  CD.  Tketi 
the  weight,  peMMMTt  at  the  top,  direct  premare  at  bottom,  and  hori- 
wmtal  preeture  at  bottom,  are,  retpectioelif,  at  CB,  BD,  DC,  and 
Dr. 

For  since  the  angles  BCF,  BDF  are  right ;  a  circle  described 
upon  the  drnmeter  BF,  will  pass  thronich  C,  D.  Therefore 
BCD  zz  BFD  standing  on  the  same  arch  BD.  And  becanse  the 
Z.GBH  and  the  angles  at  D  are  right,  BHF  =  CBD ;  therefore 
the  triangles  FHB  and  CBD  are  similar,  and  the  figar«  BHDF 
similar  to  the  figtiie,  DBrC,  whence  FH  :  BH  :  BF  :  BD  : :  are 
as  CD  :  BD  :  DC  :  and  Dr. 

Cor.  3.  AU  this  holdi  true  for  an^  force  instead  of  gravity,  acting 

in  direction  GD. 

PROP.  LXIII.  {Fig.  2.  PI.  IX.) 

If  BC  bb  ant  beam,  beabibg  ant  weight,  G  the  cbntbe  of 
gravitt  of  the  whole ;  amd  if  it  lean  against  the  per- 
pendicular.wall  ca,  and  be  supported  in  that  position, 
draw  ba,  cf  parallel,  and  fgd  perpendicular  to  the 
horizon,  and  draw  fb  ;  then 

the  whole  weight  \  fd 

pressure  at  the  top  c  (  bd 

thrust  or  pressure  at  the  bottom  c  fb,  and  in  the 
b  are,  respectively,  as  ^  same  directions. 

For  the  end  C  is  sustained  by  the  plane  AC ;  and  if  the  end  B 
be  supposed  to  be  sustained  by  a  plane  perpendicular  to  FB ; 
then  Qay  Cor.  1.  Prop.  LIII.)  the  weight,  and  pressure  at  top  and 
bottom,  are  as  DF,  DB,  FB.  If  you  suppose  the  end  B  is  not 
sustained  by  a  plane  perpendicular  to  FB,  the  body  will  not  be 
supported  at  alf^  by  Cor.  2.  Prop.  LIII. 

Cor.  1.  IfFB  be  produced  to  Q,  then  BQ  is  the  direction  of  the 
pressure  at  B ;  and  Ae  perpendicular  pressure  at  B  (FD)  if  equal  to 
the  weight;  and  the  horizontal  pressure  at  B  (BD),  if  equal  to  the 
pressure  a^dnst  C. 
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PROP.  LXIV.  (Fig.  3.  PL  IX.) 


Ip  a  heavy  beam,  or  one  bearing  a  weight,  be  SUSTAIVBDj 
C,  AND  MOVEABLE  ABOUT  A  POINT  C;  WHILST  THE  OTHER  El 
B  LIES  UPON  THE  WALL  BE;  AND  IF  HGF  BE  MA^ 
THROUGH  THE  CENTRE  OF  GRAVITY  G,  PERPENDICULAR  ' 
THE  HORIZON,  AND  BF,  CH  PERPENDICULAR  TO  BCy  AND  ( 
BE  DRAWN  ;  THEN 

THE  WHOLE  WEIGHT  ^  HF 


ARE,  RESPECTIVELY,  AS  J      AND  IN  THESE  DIRECTIONS. 

For  the  end  B  is  sustained  by  the  plane  CB,  and  (by  Cor. 
Prop.  LIII.)  the  end  C  may  be  supposed  to  be  sustained  bgi 
plane  perpendicular  to  FC,  or  by  a  cord  in  direction  CF.  Th 
since  UC  is  parallel  to  BF,  the  weight,  force  at  C,  pressure  at 
are,  respectively,  as  HF,  CF,  HC;  by  Cor.  1.  Frop.LH., 
Cor.l.  Prop.  LIII. 

Cor.  But  if,  instead  of  lying  upon  the  incUned  plane  atB^thet 
B  laid  upon  the  horizontal  plane  AB,  then  the  weight,  the  prem 
at  B  and  C,  are,  respectively,  as  BC,  GC,  and  BG ;  aiid  in  thi$  a 

there  is  no  lateral  pressure. 

For  BF  will  be  perpendicular  to  BA,  and  paraUel  to  HF,  ai 
consequently,  CF  is,  also,  parallel  to  HF ;  therefore  (by  Cor. 
Prop  XIX.)  the  forces  at  C,  G,  B,  ai«  as  BG,  BC,  and  CG. 


PRESSURE  AT  B 
FORCE  ACTING  AT  C, 


PROP.  LXV.  (Fig.  4.  PL  IX.) 
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Cor.  Hence,  wkeiher  a  botfy  be  iuttmmed  hy  two  rope*  BH,  CH, 
or  hy  two  potU  AB,  CD,  orby  two  planes  perpemdietiiar  to  BA, 
CD;  the  boeh  then  can  onfy  he  at  rest,  n^tkeplamb  line  HGF 
patte*  through  G,  the  centre  cfgraoity  of  the  whole  weight  natained, 
tfr,  which  u  the  same  thing,  when  AB,  DC  intersect  m  the  phanb 
Une  JiGF  passing  through  the  centre  of  gravity. 

Scholium. — By  the  constrqction  of  these  four  last  proposi- 
tions, t&ere  is  formed  the  triangle  of  pressure,  representiiig 
the  several  forces.  In  which,  the  Ime  of  gravity  (or  plumb  lint 
passing  through  the  centre  of  gravity)  always  represents  the 
absolute  weight,  and  the  other  sides  the  corresponding  pres- 


PROP,  LXVI.  (1%.  5.  PL  DC.) 
If  several  beams  AB,  BC,  CD,  &c.  be  joined  tooethek  at 

B,  C,  D,  &€.,  AND  moveable  ABOUT  THE  POINTS  A,  B,  C,  ScC. 

BB  PLACED  IN  A  VERTICAL  PLANE,  THE  POINTS  A,  F,  BEING 

FIXED,  AND  THROUGH  B,  C,  D,  DRAWING  n,  im,  tp,  PERPENDI- 

CITLAR    TO  THE  HORIZON  ;      AND,    IF  SEVERAL  WEIGHTS  BE 

I.AID  ON  THE  ANGLES  B,  C,  D,  &€.,  SO  THAT  THE  WEIGHT  ON 

^  SBCD 
ANY  ANGLE  C  MAY  BE  AS   —  — — — .       TrEN  ALL 

S.wCB  X  S-mCD 

THE  BEAMS  WILL  BE  KEPT  IN  EQUILIBRIO  BY  THESE 
WEIGHTS. 

Produce  DC  to  r.  Then  (by  Cor.  2.  Prop.  VIII.)  S.    ABC  : 

S.Z ABr  : :  weight  B  :  force  in  direction  BC  =^^^'J^^;  and 

S.ABC 

S.BCD  :  S.DC«  : :  weight :  force  in  direction  CB=  ^XS  ^^; 

S.BCD 

which,  to  preserve  the  equilibrium,  must  be  equal  to  the  force  in 

Air^^^Mi^r.  1^  tw^c  BxS.ABr_CxS.DC«       ,         t>  . 
directK>n  BC,thatis,  -g^=  'j;^^^  >  -»^ence  B  :  C 

•  *f  "^p^  •  -^^t  same  way  of  reasoning,  C  ;  D :  t 

S.ABr  S.DCs 
S.BCD .  S.CDE    ^    ,  ......  ^ 

"SBCT  *  SED/'   Therefore,  ex  equo,  weight  B  :  weight  D: : 

SABC  ■        S.CDE  S.ABC  S.CDE 


S.ABrxS.BC«*S.DC*xS.EDr  'S.ABixSyCBi'  S.CDpxS.ERp 
Cor.  1.  Produce  CD,  so  that  Iho  may.  be  equal  to  Cr,  and  draw 
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wx  parallel  to  Dp,  cutting  D£  in  x.  Then  the  weight  C,  the  fan 
in  directions  CB  and  CD,  are  as  rB,  CB  and  Cr  respeethebf,  A 
weight  C  is  to  the  weight  T),  as  Br  to  wx. 

Cor,  2.  The  force  or  thrust  at  C,  in  direction  CB,  or  a#  »( 
rection  BC,  is  as  the  secant  of  the  elevation  of  the  line  BC  ablmt  i 
horizon. 

For,  force  in  direction  CB  :  force  in  direction  CD  : :  CB 
Cr  : :  S.CrB  or  rCm  or  «CD  :  S.  rBC  : !  cosine  elevation  of  CD 
cosine  elevation  of  CB  secant  elevation  of  CB  :  sea 
elevation  CD ;  because  the  secants  are,  reciprocally^  as  \ 
cosines. 

Cor.  3.  Draw  Cp,  Dm  parallel  to  DE,  CB ;  then  the  weights 
C  and  D  to  preserve  the  equilibriumy  wiU  be  as  Cm  to  Dp,  A\ 
therefore,  if  all  tlie  weights  are  gtuen,  and  the  position  of  two  Ik 
CD,  DE;  then  the  positions  of  all  t/te  rest  CB,  BA,&c.  will 
successively  found. 

For,  let  the  force  in  direction  CD  or  DC  be  CD,  then  C/i 
the  force  in  direction  DE,  and  Dm,  in  Direction  CB.  And  ] 
or  the  weight  D,  is  the  force  compounded  of  DC,  Cp  ;  and  Cm 
the  weight  C  is  the  force  compounded  of  CD,  Dim,  by  Cor. 

Prop.  vn. 

Cor.  4.  If  the  weights  lie  not  on  the  angles  B,  C,  D,  &c. 
the  places  of  their  centres  of  gravity  he  atgyh,k,  I.    And  let 
h,  k,  /,  also  express  their  weights.    And  tSie  the  weight  B 

A?     ,  AC  ,  ^  _BA  .  .  /cD .  T%    CA: ,  ,    /E  ,  -  ^, 
rl.^  +        C  ==r^A  -¥         D=^fc+  — - /,  &€.;  then 
AB®     BC  '       BC      CD         CD  DE 
C,  D,  &c.  wUl  he  the  weights  lying  upon  the  respective  angles. 
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supposed  before  to  thrust  against  C,  the  same  forces  now  do  pull 
from  it. 

ScHOLioM^J%.  6.  P/.  IX.)  If  DABF  be  a  semi-circle, 
whose  diameter  is  DF  ;  draw  AG  perpendicular  to  DF  ;  then 
thefofoe  or  weight  at  anj  place  A,  to  preserve  the  equilibrium, 
will  be,  reciprocally^  as  Au*,  or  directly  as  the  cube  of  the  secant 
of  die  arch  BA. 

Likewise  it  follows  from  Cor.  5.  that  if  any  cords  of  equal 
lengths  be  stretched  to  the  same  degree  of  curvature,  the  stretch- 
ing forces  will  be  as  the  weights  of  the  cords. 


SECTION  EIGHTH. 


THE  STRENGTH  OF  BEAMS  OF  TIMBER  IN  Al 
POSITIONS,  AND  THEIR  STRESS  BY  AN 
WEIGHTS  ACTING  UPON  THEM,  OR  BY  AN 
FORCES  APPLIED  TO  THEM. 


PRORLXVTr.    fJ'vV.  7.  P/.  IX. ^ 
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Ao,  ab,  bcy  &c.  and  imagine  QAa,  QA6,  QAc,  &c.  so  many 
bended  lerers  whose  fulcrum  is  at  A ;  and  let  us  see  what  will 
be  the  sum  of  all  the  forces  applied  at  0  to  break  the  timber 
at  A,  Nowy  (by  Cor.  1.  Prop.  aIX)  the  power  applied  at  Q  to 
equal  or  overcome  the  resistances  at  A,  a,  6,     &c.  will  be 

^  ,&c.  to  J^  ;  that  is  as 


AQ^  AQ"  AQ 

^  ,   .   .    .   JL, .  Therefore,  the  ef. 
TaQ^  AQ 
feet  of  all  the  forces  implied  to  Q,  or  the  whole  strength  of  the 

beam«tA,wmbe^±i±l+i_-_l_l.±L  or^^;  Aa. 

isy  because  AQ  is  gtreDy  as  im  or  AF*.  Now,  if  tiie  breadth  EG 
be  increased  in  any  proportion,  it  is  eyident  the  strength  of 
eyeiy  part  Ao,  ab.  See.,  will  be  increased  in  the  same  pro- 
portion, and,  therefore,  the  absolute  lateral  streuffth  will  be  as 
AF«  X  FG. 

Cor.  1.  In  square  timbery  the  lateral  strength  it  as  the  cube  qf  the 
breadth  or  depth. 

Cor,  2.  Andy  m  generaly  the  lateral  ttrength  of  any  pieces  of  tint- 
bery  whose  sections  are  simUar  JigureSy  are  as  the  cubes  of  the  similar 
sides  of  the  sections. 

Cor.  3.  And  in  amf  pieces  of  timberywhou  sections  are  such  figures 
that  the  correspondent  ordinateSy  parallel  to  the  horizon,  are  propor- 
tionaly  the  stfingths  are  as  the  breadths  and  squares  of  the  depths, 
or  as  the  sections  mtUtiplied  by  the  dqtths. 

Cor.  4.  (Fig.  1 .  PL  XI.)  The  strength  of  cylindrical  pieces,  or 
of  any  similar  pieces  of  timber,  being  forced  or  twisted  round  the 
axisy  will  also  be  as  the  cubes  of  the  diameters. 

For,  let  AD  =:  r,  circumference  of  the  section  DEFG  —  c, 
Apzz,Xy  then  the  circumference  ;)9r  =  — ,  and     the  cohesion 
of  a  particle  at;?  be  =  1  ;  then  the  force  applied  at  Q  to  over- 
come it,  will  be    ^  '  and  the  force  applied  at  Q  to  overcome 
AQ 

the  cohesion  of  all  the  parts,  in  the  circumference  pqr,  will  be 

X  SfL-.,  or  — ^-rrX     ;  and  the  total  force  at  Q  to  over- 
AQ       r  rxAQ 

come  the  cohesion  of  all  the  particles  in  the  whole  section  DEFG 
■  ^   _xsumof  allthej:j:=— i — xV-\-2''xV-\-4^  .  . . 


rxAQ  rxAQ 
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to  r«  =  *   X  Therefore,  because  AQ  ia  given,  and 

rxAQ  3 

the  ratio       and  this  force  is  the  strength  of  the  beam;  tfaeieftre 

the  strength  is  as  r»  or  AD«. 

Scholium.  (^Fig.  7.  PL  IX.)— What  is  here  said  of  tunbtf 
is  true  of  any  homogeneous  bodies,  whatever  sort  of  matter  they  are 
of.  But  the  absolute  strength'  of  any  beam,  lever,  rope,  ke.  when 
drawn  in  direction  of  its  length,  will  be  as  the  section  of  it  For 
every  part  does  in  this  case  bear  an  equal  stretch,  and  the  sum  of 
all  the  parts  is  equal  to  the  whole,  and  that  is  as  the  sectioD. 

PROP.  LXVIII.  (Fig.  8.  PL  IX.) 
The  lateral  strength  of  a  tube  or  hollow  cans  'AB»  to 

THAT  of  a  solid  ONE  CD,  IS  AS  THE  SECTION  OF  THE  TCBE(U* 
CLUDING  THE  HOLLOW,)  TO  THE  SECTION  OF  THE  SOLID  CAlll, 
AND  THE  WHOLE  DIAMETER  OF  THE  TUBE  TO  THE  DIAMETSft  OF 
THE  SOLID  CANE,  NEARLY.  ' 

For,  (by  Cor.  2.  of  the  last  Prop.)  the  strength  of  the  solid 
cylinder  BP  is  AF*,  and  the  strength  of  the  inner  solid  cylinder, 
whose  fulcrum  is  at  G,  is  EG*,  and  whose  fulcrum  is  at  Fy  is 
greater  than  EG*,  and  less  than  EF»,  and  fs  nearly  £G-f|GF)* 
=  AF— .  »=AE^»,  that  is  AF«— |AF«xAE  nearly.  TherefoK, 
the  strength  of  the  tube  AFIGE,  is  the  difference  of  the  strength 
of  these  cylinders,  that  is,  AF»— AF»4-»AF«x  AE  or  fAF^xAE. 
Likewise  the  strength  of  t!)e  solid  cylinder  DCH,  is  CH*.  There- 
fore the  strength  of  the  tube  FB  :  strength  of  the  cylinder  HD 
::S  AF«xAE:CH«.  But  the  section  of  the  tube  is  as  AF  — 
EG^'  or  AF^— AP  -  2 \T.'  —  lAV  x  AE   ngrirly.  VVlietice, 
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from  the  proportion  of  thai  diametm.   Let  the  diameter  of  thtl 
drde  be  R :  then,  strength  of  the  ring  or  tube  :  strength  of  an 
equal  circle : :  AF  :  R.   And  the  strength  of  R  :  to  that  of  CII 
::R»  :  GH*.   Therefore,  ex  equo,  strength  of  the  tube  BF  : 
strength  of  the  cylinder  HD  ::  AFxR»  I  RxCn»::AFxR«  : 
CHxCH*::  AFx  area  ring  :  CH  x  area  of  the  circle  CII. 

Car.  Hence,  the  strength  of  different  tubes  are  as  their  sections, 
ami  diameters,  nearby, 

PROP.  LXIX.  iFig.'t.  PL  X.) 
If  amy  force  be  applied  laterally  to  a  lever  or  beam,  the 

StRESS  upon  ant  PLACE  IS  DIRECTLY  AS  THE  FORCE  AND  ITS 
DISTANCE  FROM  THAT  PLACE. 

For,  suppose  PAF  to  be  a  bended  lever ;  it  is  evident  the 
greater  the  power  at  P,  the  greater  force  is  applied  at  F  to  sepa- 
rate the  parts  of  the  wood.  Also,  the  greater  the  distance  AP, 
ihe  greater  power  has  any  g^ven  force  applied  at  P,  to  overcome 
the  cohesion  of  the  wood  at  F.  And,  therefoie,  the  whole  stress 
depends  on  both. 

Car.  1.  (Fig.  2.  PI.  10.)  If  two  equal  weights  lie  upon  the  middle 
of  two  beams^  or  upon  amf  other  similar  places,  the  stress  in  these 
planes  wHl  be  as  the  lengths  of  the  beams. 

For,  if  C  be  the  middle  point,  then  A  bears  half  the  weiriit ; 
therefore,  the  stress  at  C  is  as  AC  x  i  weight.  And,  because  half 
die  weight,  or  the  force  acting  at  A  is  given;  therefore,  the  stress 
is  as  AC  or  half  AB,  and,  therefore,  as  AB.  And  if  C  be  in 
any  otiier  similar  situation  in  both  beams,  the  same  thing  will 
follow. 

Co^.  2.  If  two  beams  bear  two  weights  proportional  to  their 
lengths,  and  in  a  like  situation,  the  stress  upon  each  will  be  as  the 
square  of  its  length. 

Cor,  3.  And  if  two  beams  bear  two  weights  reciprocally  as  their 
lengths,  in  a  similar  situation,  the  stress  where  the  weights  lie,  is 
equal  in  both. 

PROP.  LXX.    {Fig,  3.  PL  X.) 
Let  AB  be  any  beam  of  a  given  length,  supported  at  A  and 

B,  AND  ANY  GIVEN  WEIGHT  EITHER  SUSPENDED  AT  ANY  POINT 

C,  OR  EQUALLY  DIFFUSED  THROUGH  THE  WHOLE  LENGTH  OF 
THE  BEAM  AB;  I  SAY,  IN  EITHER  CASE,  THE  STRESS  OF  THE 
BEAM  IN  C,  IS  AS  THE  RECTANGLE  AC  X  CB. 

Case  I. 

. :  Let  the  g^ven  weight  be  represented  by  the  given  length  of  the 
lever  AB.  Then  (by  Cor.  5.  Prop.  XIX.)  the  weight  at  A,  and 
the  re-action  equal  thereto,  will  be  CB.   And,  by  the  hist  Prop., 

H 
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the  stress  at  C  will  be  as  the  force  acting  at  A  X  distance  ki 
that  is,  AC  x  CB. 

Case  II. 

Let  AB  divided  into  an  infinite  number  n  of  equal  pud 
each  zz  1 .  Then,  as  AB  represents  the  ivhole  weight,  1  will 
the  weight  supported  upon  1  part  of  the  beam^  let  it  rest  at; 

^^6^  its  pressure  on  B.   Therefore,  (by  the  last  Prop.)! 

stress  at p  is  ^^^^  ;  and  the  stress  at  C  is  arifi 

AB  AB 
from  the  weight  at  p.   Consequently,  the  stress  at  C  ariii 
from  the  sum  of  all  the  weights  between  A  and  C,  will 
0+1+2+3  .  .  .  AC  ^  ^ .  (because  AC  is  nmnl 

AO 

AC*x  BC 

of  them)  — —  .  And,  by  a  like  reasoning,  the  stress  at 
arising  from  the  whole  weight  between  B  and  C,  will 

CB«  X  AC      Consequently,   the   whole   stress    at  C 

2AB  ^  ^ 

AC«  X  BC+CB«  X  AC— AC+CB  ^  AC  X  CB=  ^^X^^ 
2AB  2AB  2 

Cor.  1.  The  greatest  stress  of  a  beam  is  in  the  middle;  the  wei. 
being  either  suspended  there,  or  equally  disposed  over  the  wl 
length  of  the  beam. 

Cor.  2.  The  stress  of  the  beam  at  any  point  Pf  by  a  toeight 
plied  to  any  other  point  C,  isasApx  CB. 
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ApxCB,  and  at  C,  is  ACxCB.  Tbefefore,  t]ie  whole  strew  ai 
C|  bj  the  whole  weight  od  all  the  points  of  pC^  is  the  sum  of 
aU  the  Ap  xCB  =  Ap  +  Ap  +  1  +  Ap4^2.  .  .  AC  :  xCBsr 

^"^^^  X     X  CB.    But  the  stress  of  the  whole  weight  at  C,  is 

AC  X  CB  X       aii4  the  former  is  to  the  latter  as  ^  ^ 
to  AC. 

.  Cor,  6.  If  a  weight  pros  eomlfy  om  all  the  parts  of  Ap^  the  ttresx 
at  aity  point  C  that  weighty  it  to  the  ttreu  at  C  if  impended 
there::  as  Ap  to  2  AC. 

For  the  iftress  at  C  by  all  the  weight  on  Ap,  is  0  -f-  1  2  .  .  . 
ApxCB  =  ^x  CB.  And  the  stress  by  the  weight  Ap  at  C  is 
ACxCBxAp. 

'  Cor.  7.  The  ttrest  at  p,  by  a  weight  at  C,  is  equal  to  the  stress  at 
C,  by  the  same  weight  atp, 

PROP.  LXXI.  (Tig.  4.  P/.X.) 

If  CD  BE  A  PROMINENT  BEA My  FIXED  HORIZONTALLY  AT  THE  EMD 
C,  AS  IN  A  WALL ;  AND  IP  A  WEIGHT  PROPORTIONAL  TO  THE 
LENGTH  OF  THE  BEAM^  BE  DISPERSED  UNIFORMLY  ON  ALL  THE 
PARTS  OF  THE  BEAM;  THE  STRESS  AT  ANY  POINT  F,  WILL  BE  AS 
DF%  THE  SQUARE  OF  THE  DISTANCE  FROM  THE  EXTREMITY. 

For,  let  FD  be  divided  into  an  infinite  number  of  equal  parts 
Pj  9f  ^>  and  let  each  be      1 ,  and  sustain  the  weight  1 . ; 

then  (by  Prop.  LXIX.)  the  stress  at  F,  by  the  weiglits  at  F,p,  q,  r, 
8cc.,  will  be  1  X  0,  1  X  Fp,  1 X  Fy,  &c.  or  as  0, 1,  2, 3,  &c.,  respec- 
tively :  therefore,  the  whole  stress  atC  will  beO+1+2+3  .  .. 

FD  =  !5I. 
2 

Cor.  1.  Hencef  the  stress  at  ¥,  by  any  weight  suspended  at  D, 
will  be  double  the  stress  at  the  same  point  F,  when  the  same  weight 
presses  uniformly  on  all  the  parts  between  F  and  D. 

For,  (by  Prop.  LXIX.)  the  stress  at  F  bv  the  weight  DF,  is 
DFxDF,orFD«, 

Cor.  2.  Tlte  stress  at  the  end  BC,  by  the  weight  P,  is  the  same  as 
the  stress  upon  the  middle  of  a  beam  of  twice  the  length  DC,  with 
twice  the  weight  P  laid  on  its  m'uidle,  this  beam  being  supported  at 
both  ends. 

For  the  stress  now  at  C,  is  the  saime  as  if  DC  was  continued 
to  the  same  length  beyond  C^  aad  a  weight  equsd  to  P  sui^. 
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pended  at  the  end ;  and  then  the  fulcrum  C  will  be  acted  oo  wi 
twice  the  weight  P.  And  this  is  the  same  as  if  the  beam  m 
turned  upside  down^  and  twice  the  weight  P  laid  on  the  mi 
dleC. 

PROP.  LXXII.  (Figures  5  and  6.  PL  X.) 
If  there  be  two  beams  standing  a  slop.e,  and  beaeino  r 

WEIGHTS  UPON  THEM,  EITHER  IN  THE  MIDDLE,  OR  IN  A 
GIVEN  SITUATION,  OR  EQUALLY  DIFFUSED  OVER  THE  WHO 
LENGTH  OF  THE  BEAMS  ;  THE  STRESS  UPON  THEM  WILL  BE  1 
RECTLY  AS  THE  WEIGHTS,  AND  THE  LENGTHS,  AND  THE  COSIB 
OF  ELEVATION. 

For  (by  Cor.  1 .  Prop.  XXXI.)  the  weight  is  to  the  presn 
upon  the  plane,  as  radius  to  the  cosine  of  elevation.  Tberefti 
tbe  pressure  is  as  cosine  elevation  x  weight :  and  this  is  the  foi 
acting  against  the  beam.  Therefore,  (by  Prop.  LXVIII.)  t 
Stress  will  be  as  its  length  and  this  force ;  that  is,  as  the  leng 
die  weight,  and  cosine  elevation. 

Cor.  1.  Tfthe  weights  and  length  of  the  beams  be  the  fame,  i 
stress  voill  be  as  tite  cosine  of  elevation,  and,  therefore,  greatest 
it  lies  horizontal. 

Cor,  2.  If  the  beams  lie  horizontal,  or  at  any  equal  inclinatio 
and  the  weight  be  as  tlie  length,  then  the  stress  is  as  the  sqiutre  rf 
length. 

Cor.  3.  (Fig.  5.  PI.  X.)  Tfthe  weights  are  equal,  on  the  he 
zontal  beam  AB,  and  the  incUned  one  AC,  and  BC  be  perpendiat 
to  AB ;  then  the  stress  will  b^  equal  iq)on  both. 

For  the  length  x  cosine  elevation  is  the  same  in  both,  or  AC 
cosine  A  =:  B  x  radius. 
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PROP.  Lxxm. 

]>AKT  BEAM  OF  TIMBEE  BE  TO  SUPPOBT  AN  Y  WEIOHT,  OR  PRESftCBBy 
OB  FORCE,  ACTING  LATEBALLY  UPON  IT,  THE  BREADTH  MULTI- 
PLIED BY  THE  SQUABE  OF  TBE  DEPTH,  OR  IN  SIMILAR  SECTIONS, 

the  cube  of  the  diametbb,  in  eveby  place,  ouoht  to  bb 
proportional  to  the  length  multiplied  by  the  weight 
or  force  acting  on  it,  or  as  the  stress  in  that  place. 
And  the  same  is  true  of  several  different  pieces  of 
timber  compabed  together. 

For  eveiy  several  piece  of  timber,  as  well  as  every  part  of  the 
aam6  timber  or  beam,  ought  to  have  its  strength  proportioned  to 
the  weight,  force,  or  pressure  it  is  to  sustain.  And,  therefore,  the 
strength  ought  to  be  universally  as  the  Ureu  upon  it.  But  (by' 
Prop.  LXVII.)  the  strengOi  is  as  the  breadth  x  sqfxm  of  the 
depm.  And  (by  Prop.  LXIX.)  the  stress  is  as  the  weight  or  force 
X  by  the  distance  it  acts  at.  And,  therefore,  these  must  be  in 
an  invariable  ratio. 

Cor.  1.  (Fig.  8.  PI.  X.)  If  AEB  be  a  promment  beam  fixed  at 
the  end  A£,  and  tustammg  a  wewht  at  the  other  end  B.  And  if 
the  sectkmt  in  ail  placet  be  similar  figures^  and  CD  be  the  diameter  m 
ar^ place  C,  then  CB  will  be  every  where  as  CD'.  And  if  ACB 
be  a  right  Ime,  EDB  will  be  a  cubic  parabola.  There/ore  f  of  such 
a  beam  may  be  cut  away  without  antf  diminution  of  the  strength. 

^it  if  the  beam  be  bounded  by  two  parallel  planesj  perpendicular 
to  the  iorison,  then  CB  will  be  as  CD>,  aud  then  EDB  will  be  the 
common  parabola.  Whence,  a  third  part  of  a  beam  may  be  thus  cut 
awtty. 

Cor.  2.  (Fig.  8.  PI.  X.)  But  if  a  weight  press  uniformly  on 
every  part  of  AB,  and  the  sections  in  all  points  at  C,  be  similar ;  then 
BC*  will  ie  every  where  as  CD*,  and  EDB  a  semi-cubical  para- 
hola. 

But  if  the  beam  (Fig.  7.  PI.  X.)  be  bounded  by  parallel  planes,  per^ 
pendicular  to  the  horizon,  then  BC  will  be  as  CD,  and  EDB  a  right 
line.  Here  half  a  beam  may  be  cut  away  without  losing  any  strength. 

Cor.  3.  (Fig.  10.  PI.  X.)  If  AB  be  a  beam  supported  at  both 
ends,  and  if  it  bear  a  weight  in  any  variable  point  C,  or  uniformly 
on  all  the  parts  of  it;  and  if  all  the  sections  be  similar  figures,  and 
CD  be  the  diameter  in  that  place  C ;  then  will  CD*  be  every  w/tere 
at  AC  X  CB. 

Bsit  if  it  be  bounded  by  two  parallel  planes,  perpendicular  to  the 
horizon,  then  will  CD»  be  every  where  as  AC  X  CB,  and,  therefore, 
the  curve  ADB  is  an  ellipsis,  supposing  AB  a  right  line. 

Cor.  4.  (Fiff.  11.  PI.  X.)  But  if  a  weight  be  placed  at  any  given 
point  P,  and  aUsectiont  are  tknUar  fimret,  and^CDbeany  dtamc 
ter^  then  will  BC  be  at  CD',  and  AQ  and  BQ  are  two  cubic  para- 
bolas. 
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But  if  the  beam  be  bounded  by  two  parallel  phmeSy  perpendicul 
to  the  fiorizon,  then  BC  is  as  CD',  and  AQ  and  BQ  are  two  cm 
tnon  parabolas. 

Cor.  5.  All  circular  plates,  whether  great  or  lUtle,  being  of  t 
same  matter  and  thickness,  and  supported  all  rotmd  on  the  edges,  w 
bear  equal  weights.  The  same  is  true  of  square  plates,  or  any  lu 
lar  ones. 

For  let  AD,  ad,  {Fig.  2.  PL  XI.)  be  two  squares,  and 
them  first  be  only  supported  |at  the  ends  AB,  CD,  and  ab,  < 
Then,  by  this  Prop.,  (since  tlie  thickness  is  given)  AB  I  AC 
weight  on  AD  : :  ab  I  ac  X  weight  on  ad,  and  weight  on  AD 

weight  on  a<i::  ^  :       ,hxxi^  =zjt ,  therefore,  weif 

AC      ac  AC  ac 

on  AD  zz  weight  on  ad,  when  the  plates  are  only  supported 
AB,  CD,  and  ab,  cd.  And,  for  the  same  reason,  the  weights 
be  equal,  when  only  suppoi  ted  by  the  sides  AC,  BD,  and  oc,  i 
And,  consequently,  the  weights  will  still  be  equal,  when  the  plai 
are  supported  by  sdl  four  sides,  in  which  case,  twice  the  wei{ 
will  be  supported ;  and  the  same  holds  equally  true  of  all  simii 
figures.  For, 

Let  AD,  ad,  {Fig.  3.  Fl.  XI.)  be  two  hollow  circles;  draw  I 
inscribed  squares  ABCD,  abed;  these  squares  are  supported  up 
the  four  sides  AB,  BD,  DC,  CA,  and  ab,  bd,  dc,  ca,  by  the  cob 
nuity  of  the  plates ;  therefore,  the  weights  will  be  equal,  as  in 
proved  before.  And  that  the  continuity  of  the  plates  will  equa 
support  the  weights  in  both  circles  is  plain,  because  the  strenj 
of  both  segments  AB,  ab,  are  equal,  the  length  being  as  t 
breadth. 
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l»ROP.  LXXIV.   {Fig  9.  PL  X.) 
If  a  weiget  A  be  supported  upon  the  end  of  a  crookbd 

PIECE  OF  TIMBER  ABD,  AND,  FROM  THE  ENDS,  A  LINEAB  BB 
DRAWN  PERPENDICULAR  TO  THE  HORIZON,  AND  FROM  THE  AN- 
GLE B,  THE  LINE  BC  PERPENDICULAR  TO  AD  ;  THE  STRESS  AT 
B  WILL  BE  AS  THE  PERPENDICULAR  BC. 

For,  as  the  weight  A  acts  not  in  direction  AB,  but  in  direction 
AD,  therefore,  it  is  the  same  as  if  it  were  applied  at  the  point  C ; 
bat  a  force  applied  at  C,  has  a  greater  power  to  break  toe  timber 
at  B,  in  proportion  as  the  lever  BC  is  longer.  This  force  there- 
fore, or. the  stress  at  B,  is  as  BC. 

Cor.  1.  (Fig.  4.  PI.  XI.)  Hence,  ifawf  twoforcei  acting  from 
er  agahut  oner  anoiker,4U  the  ends  A,  F,  of  amf  crooked  beam 
ABDEF,  and  keep  one  another  in  equUibrio  ;  and  the  line  AF,  &r 
the  directum  of  this  forces  bdng  draumy  the  stress  at  any  point  is  as 
the  perpendicnlar  upon  AF.  So  the  stress  at  bis  be;  at  BC,  at 
D,  DI ;     £,  £K  ;  mdat  G  and  n,nothing. 

Car.  2.  Hence,  also,  that  the  strength  in  'amf  part  6,  may  be  pro* 
portional  to  the  stress  there,  the  breadth  nmltipiied  6y  the  square  of 
the  depth,  must  be  as  the  perpendicular  be,  reckoning  that  the  depth^ 
which  is  in  the  plane  passmg  through  AF. 

'  .  PROP.  LXXV.  {Figures  5  and  6.  PL  XI.) 
Having  the  length  AB  and  weight  W,  of  a  cylinder  or 

PRISM,  that  can  just  SUPPORT  THE  WEIGHT  P  AT  THE  END, 
TO  FIND  THE  LENGTH  OF  ANOTHER  BEAM  FG,  SIMILAR  TO  THE 
FORMER,  AND  OF  THE  SAME  MATTER,  THAT  WILL  JUST  BREAK 
WITH  ITS  OWN  WEIGHT,  OR  ONLY  SUPPORT  ITSELF. 

Since  the  weights  of  similar  solids  of  the  same  matter  are 

Ffr* 

as  the  cubes  of  the  lengths,  it  will  be,  AB»  :  W  : :  FG»  :  — — 

AB» 

W=:  the  weight  of  the  beam  GH.  Then,  by  Cor.  2.  Prop.  LXVII. 
the  strength  of  the  beam  AB  is  AC*;  and  of  FG,  is  Fli».  And 
by  Prop.  LXIX.  the  stress  at  A  is  i^V+P  x  AB.  And  the  stress 

at  F  ==— W  X  FG.   And  since  the  beams  are  both  supposed 

2AB» 

to  break  with  these  weights,  therefore  the  strength  must  be  as  the 

  FG* 

stress ;  that  is  J  W  +  P  X  AB  :        W  ( : :  AC»  :  FH*) : :  AB-  : 

FG*xW   

FG».    Whence  ^  —  FG»x  AB  x  JW  -fP.  Or  FG 

xW=:ABxW-f.2P.  WbeDceW:W+2P  ::  AB  :  FG, 
^e  length  required. 
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Cor.  1.  J/*cW      P.    Then  FG  z=  AB  X  l-|-2e. 

Cor,  2.  Hence,  there  is  one  and  only  one  beam,  that  will  just  Jntt 
by  its  own  weight,  or  just  sustain  itself'. 

Cor.  3.  The  same  Prop,  will  Ukeiuise  /told  good,  in  regard  to  t 
beams  supported  at  both  ends  and  breaking  in  the  middle^  'by  Cor. 
Prop.  LXX. 

Cor.  4.  If  the  beam  FG  break  by  its  own  weight,  a  beam  ofift 
the  length  ofYG,  and  supporting  at  both  ends,  will  also  break  by 
own  weight ;  or  if  one  sustain  itself,  the  other  will. 

For  the  stress  is  the  same  in  both  of  them,  by .  Oor.  3.  Pr 
LXX.  and  Cor.  1.  Prop.  LXXI.  each  of  them  being  equal  to 
stress  of  a  beam,  twice  the  length  of  FG,  and  suspended  in 
middle. 

PROP.  LXXVI.  {Figures  7  and  S.  PL  XI.) 
If  any  weight  be  laid  on  the  beam  AB,  as  at  C,  ob  i 

FORCE  APPLIED  TO  IT  AT  C;  THE  BEAM  WILL  BE  BENT  THROI 
A  SPACE  CD  PROPORTIONAL  TO  THE  WEIGHT  OR  FORCE  APPL 

AT  C.   And  the  resistance  of  the  beam  will  be  as  ■ 

SPACE  IT  IS  bent  through  NEARLY. 

In  order  to  find  the  law  of  resistance  of  beams  of  timber 
such  like  bodies,  against  any  weights  laid  upon  them,  or  str 
ing  them,  I  took  a  piece  of  wood  planed  square,  and  supp 
ing  it  at  both  ends  A,  B,  I  laid,  successively,  on  the  middle  c 
at  C,  1,  2,  3,  4.  5,  6,  7,  and  8  pounds;  and  I  found 
middle  point  C  to  descend  through  the  spaces  1 ,  2,  3,  4,  5 
7,  and  8,  respectively.  And,  repeating  the  same  experin 
with  the  weights  3,  6,  9  pounds,  they  all  descended  thrc 
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that  Ibey.  have  Uie  least  lesietance  when  least  bent,  and  in  all 
cases  are  bent  through  niaces  nearly  proportional  to  the  weights 
or  forces  applied.  And,  Uierefore,  I  tnink  this  law  is  sufficiently 
established,  that  the  resistance,  any  of  these  bodies  makes,  is  pro- 
portional to  the  space  dirough  which  it  is  bent,  or  that  it  exerts  a 
K>rce  proportional  to  the  distance  it  is  stretohed  to. 

The  knowledge  of  this  property  of  springy  bodies  is  of  great 
use  in  meqbanics,  for,  by  this  means,  a  spring  may  be  contrived 
tor  pull  at  all  times  widi  equal  strength,  as  in  the  fusee  of  a 
watdi;  or  it  may  be  made  to  draw  in  any  proportion  of  strengtlv« 
reqmred. 

The  action  of  a  spring  may  be  compared  to  the  lifting  up  a 
diain  of  weights,  lying  upon  a  plane,  or  to  the  lifting  a  cylinder  of 
timber  out  of  the  water  endways. 

PROP.  LXXVn.  {Fig,  9.  PL  XI.) 

To  FIND  THE  LATERAL  STRENGTH    OF  ANY    BEAM  OF  TIMBER, 
WHOSE  TRANSVERSE  SECTION  IS  ANT  FIGURE  WHATSOEVER. 

Let  ERG  be  the  section  of  the  beam  in  the  place  where  it 
breaks.  Draw  the  ordinates  IN,  m,  iufinitely  near  each  other, 
and  parallel  to  die  base  RG. 

P«tfER  =  d  EI  =  x 

RG  =  6  IR  =  t; 

IN=y 

The  absolute  strength  of  onefbre  of  the  wood  zz.  1. 

When  the  beam  bre&ks,  it  is  done  by  the  separation  of  the 
parts  of  the  wood  at  E.  Therefore,  QRE  must  be  esteemed  a 
pended  lever,  whose  fulcrum  is  at  R.  When  the  beam  breaks, 
the  fibres  at  £  are  stretched  to  their  full  strength,  but  those 
nearer  R  are  less  stretched,  and  exert  less  force  or  resistance  in 
proportion  to  their  distance  from  R  (by  the  last  Prop.) ;  and, 

therefore,  the  resistance  of  the  fibre  at  I  =z  ^  ;  and  the  resist- 
ed 

ance  of  all  the  fibres  in  the  parallelogram  In,  z=  JL.X  In;  and 

d 

the  power  of  all  the  fibres  in  the  parallelogram,  in  regard  to  the 
brachium  IR,  is  :=:  ^  x  In.   And  the  sum  of  all  the  powers 

m  the  whole  section     sum  of  all  the  ^ 

d 

Let  g,  Pj  be  the  distance  of  the  centre  of  gravity  and.  percus- 
sion from  RGy  as  the  axis  of  motion. 
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Then  (by  Cor.  1.  Prop.  LVH.)  the  sum  of  all  the  w  x  J&G 
X.  sum  of  all  the  In  =z      X  section  ERG.   And  ihe  sum 

all  the  —X  I»;=:-^x  section  ERG.  Therefore,  the  stten 

d  d   .  , 

of  the  beam  at  E,  is  =:  ^X  section  ERG. 
d 

Cor.  1.  (Fig.  10.  PI.  XI.)  If  there  he  taken  RO  =  i 

d 

tdl  the  fibres  of  the  wood  being  supposed  to  he  collected  m  O,  < 
acting  there  with  their  full  strength;  their  total  strength  of  O,  « 
be  equal  to  the  strength  of  the  beam,  at  the  section  ERG. 

For,  suppose  O  to  be  such  a  point ;  then  the  strength  of 

beam,  or  ^  x  section  ERG  =  RO  X  section  ERG ;  and  1 
d 

d' 

Cor.  2.  Jf  the  section  he  a  paraUehgram,  giz^d,  and  p  = 
t/ierefore  RO  —  yi. 

In  a  circle  whose  diameter  is  ER,  g  zz^d,  pziz  id,  and  RC 
fyi,  zz  ^d  nearly,  as  in  the  parallelogram. 

In  the  periphery  of  a  circle  (the  beam  being  a  hollow  cane)  gtrrj 
andp  —  id,  whence  RO  Idzz  ^  nearS/  ;  as  in  the  paralle 
gram. 

In  a  triangle  whose  base  is  at  parallel  to  the  horizon,  and  Vi 
tex  atlX;  g:^  %d,  andp  zz.  %d,  and  RO  ^d.  And  its  streng 
=  Jrf  X  area  of  the  triangle. 

Cor.  2.  (Fig.  1.  PI.  XI.)  The  strength  of  a  cylinder  when  twist 
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And  in  Ihe  triangle^  the  area^being  -r-,  and       r,  die  stieQgth 

*r  X  —  =  ^  ,  the  same  as  for  the  twisted  cylinder. 
2  4 

Scholium. — This  Cor.  2.  does  not  agree  so  well  with  timber 
as  metal^  for  the  texture  of  wood  is  not  the  same  in  length  as 
breadth.  For  all  wood  is  composed  of  long  slender  tubular  fi- 
bres, joined  together  by  a  glutinous  matter,  which  is  easily 
separated  ;  and,  therefore,  wood  is  much  more  easily  split  than 
broken. 

PROP.LXXVin.  (Fig.  11,  PL  XI.) 
Given  the  weight  that  will  beeak  a  beam  lateballt,  to 

FIND  how  much  will  BREAK  IT  WHEN  DRAWN  IN  DIRECTION 
OF  ITS  LENGTH. 

Let  BR  be  the  beam. 
Put  I     its  length  DB, 

W  zz  weight  applied  at  D,  that  can  break  it  at  "E^ 
d  =  de^th  EE, 

g      distance  of  the  centre  of  gravity  of  the  section  ERG 
from  Ky 

p  =  distance  of  the  centre  of  percussion  of  ERG  from  RG, 

Then     W  ^  weight  that  will  break  it  when  drawn  in  direction 
gp 

of  its  length. 

But  if  the  beam  be  supported  at  both  ends,  and  the  weight  breaks 
it  in  the  middle,  g  and  p  must  be  measured  from  the  upper  side,  and 
take  I for  half  its  length,  W  for  half  the  weight  that  breaksit. 

For,  by  Cor.  1.  of  the  last  Prop,  if  RO  =:  ^  tlien  all  the 

d 

Qbres  of  the  beam  acting  at  O,  will  be  equal  to  the  strength  of  the 
beam ;  and  since  W,  applied  at  D,  can  break  it  in  either  case, 
therefore^  by  the  nature  of  the  lever,  it  will  be,  /  x  W     RG  x 

absolute  strength  =   ^  x absolute  strength;  therefore,  the  ab- 
d 

solute  strength  1=         or  the  weight  that  can  break,  it,  when 

gp 

drawn  in  length. 

Cor.  Hence,  if  there  be  taken  RL  =  ^  ,  tlien  the  weight  which 

d 

beim  appUed  at  Jj,  will  just  break  the  beam  horizontally^  the  same 
wiUjust  pOU  it  asunder,  when  applied  lengthwise. 
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For,  then  I  tz:^,  and  weight  W  —  resistance  at  0  =  strong 
a 

of  the  whole  beam. 

Therofore,  if  a  piece  of  oak,  an  inch  square  and  a  foot  loi 
supported  at  both  ends,  bears  315  lb.  before  it  breaks,  it  w 
heur,  when  drawn  in  length,  2835  lb.  or  1  ton,  5  hundreds 
stones,  7  pounds ;  that  is,  above  a  ton  and  a  quarter. 

Scholium. — Here  we  all  along  suppose,  that  the  mlcrum  at 
remains  fixed ;  but  if  it  should  vary  by  the  denting  in  of  1 
parts  at  it,  it  will  cause  a  little  variation  in  the  strength,  a 
make  the  beam  something  weaker,  laterally.  And  that  it  ¥ 
yield  a  little  this  way,  is  evident  from  experiments;  for  t 
hardest  bodies,  such  as  glass  in  small  threads,  may  be  extend 
in  length,  and,  consequently,  may  be  contracted  by  a  contra 
force ;  and  balls  of  glass  or  wood,  let  fall  upon  a  hard  hoc 
will  rebound ;  which  they  cannot  do  without  the  denting  in  of  1 
parts. 

PROP.  LXXIX.   (JFig.  12.  PL  XI.) 

If  a  weight  be  laid  upon  the  straight  beam  AB,  si 
ported  at  both  ends,  its  bending  or  curvature  wi 
be  nearly  as  the  weight  and  length  directly;  a 
as  the  breadth  and  cube  of  the  depth  reciprocally. 

It  is  found  (by  Prop.  LXXVI.)  that  if  several  weights  be  h 
successively  upon  a  horizontal  beam  AB,  the  space  CDB,  throu 
which  the  point  D  descends,  will  be  as  the  weight  it  bears.  No 
the  parts  kiey  f,  which  are  contiguous  at  the  be^nning^  of  tfcfe  1 
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and  C  the  correspondent  cnnratore,  and  it  will  be  as  ^-^^ 

..w.c__. 

Cor.  1.  Tke  auaUUy  ofdefiexkm  CD  of  any  beam  itastheweight 
and  cmbe  of  the  length  direetfy,  and  the  breadth  and  aibe  ofthedepth 
reciprocalhf. 

For  when  CD  is  veiy  sinall,  ADB  is  very  near  a  circle,  or 
nearer  a  parabola;  suppose  it  a  circle,  and  let  its  radius  be  H, 

then  2R  X  CD  =  AD»  or  J  LL;  therefore  ^  =  JL,  whence 

LL  8R 

9P  is  as  the  curvature  C,  that  is,  as  or  CD  is  as 

LL  6xD/»' 
WL* 

 =r-=r-   And  if  ACR  the  original  position  of  the  beam,  is  not 

6  X  Df*  o  r 

a  right  line,  yet  CD  will  still  be  of  the  same  quantity. 

Cor.  2.  in  umilar  homogenous  straight  Jbodies  the  curvature  is  as 
the  weight  directfyy  and  cuU  of  the  depth  reciprocaUy  \  but  the  de- 
flexion CD  is  as  the  weight  directfy,  and  depth  reciprocaUy, 

Cor.  3.  In  similar  bodies  bending  from  a  straight  line  by  their 
own  weighty  the  curvature  is  given,  tmdthe  deflexion  is  as  the  square 
ofthed^h. 

Cor.  4.  In  the  utmost  strength  of  beams,  or  their  breakxn£p<m-' 
tion,  the  curvature  is  reciprocally  as  the  depth,  and  the  deflexion 
as  the  square  of  the  length  directly,  and  depth  reciprocaUy. 

For  then  b  x  D/*  i«  as  LW. 

Cor.  5.  What  is  said  of  straight  beams  is  equaUy  true  of  any 
beams,  in  regard  to  the  increase  or  variation  of  curvature,  and  to  the 
dtfUxiionfrom  their  original  position. 

Scholium. — What  is  said  of  beams  of  timber  in  this  section,  is 
equally  applicable  to  any  solid  bodies,  acted  on  in  a  like  manner 
as  by  weignts.  There  are  some  bodies  in  which  a  very  little 
bending  may  have  a  great  effect,  as  in  the  glasses  of  large  tele- 
scopes. For  (by  Cor.  3.  of  the  last  Prop.)  the  deflexion  from  their 
true  figure,  arising  from  their  own  weigh^  is  as  the  square  of  the 
diameter,  when  the  glasses  are  similar.  And  though  this  be  in- 
flensiUe  in  small  glasses,  it  may  produce  some  sensible  error  in 
large  ones;  and  the  same  may  happen  to  them  in  grinding,  by  loo 
much  pressure. 

From  the  foregoing  propositions  it  follows,  that  if  a  certain 
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beam  of  timber  be  able  to  support  a  given  weight,  another  be 
of  the  same  timber,  similar  to  the  former,  may  be  taken  so  gr 
as  to  be  able  but  just  to  bear  its  own  weight;  and  any  b^ 
beam  cannot  support  itself,  but  must  break  by  its  own  weig 
and  any  less  beam  will  bear  something  more.  For  the  stren 
being  as  the  cube  of  the  depth,  and  the  stress  being  as  the  mal 
and  length,  is  as  the  fourth  power  of  the  depth ;  it  is  plain 
stress  increases  in  a  greater  ratio  than  the  strength.  Wheno 
follows,  that  a  beam  may  be  taken  so  large,  that  the  stress  o 
ikr  exceed  the  strength.  And  that  of  all  similar  beams  then 
but  one  that  will  support  itself,  and  nothing  more.  Likewise 
any  beam  can  bear  ten  times  its  own  weighty  no  other  simi 
beam  will  do  the  same.  And  the  like  holds  in  all  machines,  s 
in  all  animal  bodies.  And  hence,  there  is  a  certain  limit,  in 
gard  to  magnitude,  not  only  in  all  machines  and  artificial  str 
tures,  but  also  in  natural  ones,  which  neither  art  nor  nature  i 
go  beyond,  supposing  them  made  of  the  same  matter,  and  in 
same  proportion  of  parts. 

Hence,  it  is  impossible  that  mechanic  engines  can  be  increat 
to  any  bigness.  For  when  they  arrive  at  a  particular  size^  th 
seveml  parts  will  break  and  fall  asunder  by  tiieir  weight ;  neit] 
can  any  buildings  of  vast  bigness  be  made  to  stand,  but  must  i 
to  pieces  by  their  great  weight,  and  go  to  ruin.  Vast  colun 
ana  pyramids  will  break  by  their  weight  and  tumble  down. 

It  is,  likewise,  impossible  for  nature  to  produce  animals  of  a 
vast  size  at  pleasure,  or  any  such  thing  as  giants,  or  men  of  pi 
digious  stature;  except  some  sort  of  matter  can  be  founa 
make  the  bones  of,  wnich  is  so  much  harder  and  stronger  tb 
any  hitherto  known ;  or  else  that  the  proportion  of  the  parts 
so  much  altered,  and  the  bones  and  muscles  made  thicker  in  pi 
portiun,  which  will  milt^'EK«  fttilml!  tSt^ttfjlliawd  of  a  nfonsfbe^ 
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And,  therefore,-  a  fmall  animal  will  carry  hr  more  than  its  own 
wei^t,  whilst  a  great  one  cannot  carry  so  much  as  its  weight 
And  hener  it  is,  that  small  animals  are  mote  active,  will  run 
inter,  jnmp  ftrther,  or  perform  any  motion  qnicker,  for  their 
weight,  tham  large  animals ;  for  the  less  the  animal  the  greater 
Ae  proportioii  « the  strength  to  the  stress.  And  nature  seems 
to  know  no  bounds  as  to  the  snndlness  of  animals,  at  least  in  re- 
g^tfdto  their  weight 

Neither  can  any  two  unequal  and  similar  machines  resist  any 
violence  alike,  or  in  the  same  proportion ;  but  the  greater  will 
be  matt  hurt  than  the  less.  And  the  same  is  true  of  animals, 
for  large  animals,  by  foiling,  break  their  bones,  whilst  lesser  ones 
foUing  higher  receive  no  damage.  Thus,  a  cat  may  foil  two  or 
three  yaios  high  and  be  no  worse,  and  an  ant  from  the  top  of  a 
tower; 

It  is  likewise  impossible,  in  the  nature  of  things,  that  there 
can  be  any  trees  ot  immense  bigness ;  if  there  were  any  such, 
their  limlM,  boughs,  and  branches,  must  break  and  fall  ^down 
by  their  great  weight.  Thus,  it  is  impossible  there  can  be  an 
oalr  a  ^quarter  of  a  mile  high ;  such  a  tree  cannot  grow  or  stand, 
but  ita  limbs  wiU  drop  off  by  their  weight  And  hence,  like- 
wise, lesser  plants  can  better  sustain  themselves  than  large  ones 
can  do. 

Neither  could  a  tree  of  an  ordinary  size  be  able  to  stand  if  it 
was  composed  of  the  same  tender  matter  that  some  plants  con- 
sist of;  nor  such  a  plant  if  it  were  much  bigger  than  common. 
And  that  plants  made  of  sudi  tender  matter  may  better  support 
tbemsdves^  nature  has  made  the  trunks  and  branches  of  many 
tfiem  hollow,  b^  which  means  they  are  both  lighter  and 
stronger. 

The  propositions  before  laid  down  concerning  the  strength 
and  stress  of  timber,  &c.,  are  also  of  excellent  use  in  several  con- 
cerns of  life,  and  particularly  in  architecture ;  and  upon  these 
principles  a  great  many  problems  may  be  resolved  relating 
to  the  due  [»oportion  of  strength  in  several  bodies,  according 
to  their  particular  positions  and  weights  they  are  to  bear,  some 
ef  vrhich  I  shall  briefly  enumerate. 

If  a  piece  of  timber  is  to  be  holed  with  a  mortise  hole,  the 
beam  will  be*  stronger  when  it  is  taken  out  of  the  middle,  than  if 
it  be  taken  out  of  either  side.  And  in  a  beam  supported  at  both 
mods,  it  is  sttt>nger  when  the  hole  is  taken  out  <n  the  upper  side 
than  the  under  one,  provided  a  piece  of  wood  is  driven  hard  in 
to  fill  up' the  hole. 

If  a  jMsee  is  to  be  spliced  upon  the  end  of  a  beam  to  be  sup<- 
p<MFtedr  at'beth  ends,  it  will  be  stronger  when  s{>liaed  on  the  under 
side  of  a  beam,  tiian  on  the  upper  side.   But  if  the  beam  is  sup- 
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ported  ODiy  at  one  end,  to  bear  a  weight  on  the  othei',  it 
stronger  when  spliced  on  the  upper  side. 

When  a  small  lever,  Slc,  is  nailed  to  a  body  to  remove  it 
suspend  it  by,  the  strain  is  greater  upon  the  nail  nearest  the  hi 
or  point  where  the  power  is  applied. 

If  a  beam  is  supported  at  both  ends,  and  the  two  ends  res 
over  the  props,  and  be  fixed  down  immoveable,  it  will  bear  tw 
as  much  weight  as  when  the  ends  only  lie  loose  or  free  upon  1 
supporters. 

If  a  slender  cylinder  is  to  be  supported  by  two  pieces,  the  d 
tance  of  the  pins  ought  to  be  tWiJ^  parts  of  the  length  of  the  < 
Under,  that  is  |  its  length,  the  pins  equi-distant  from  its  en 
and  then  the  cylinder  will  endure  the  least  bending  or  strain 
its  weights. 

By  the  foregoing  principles  it  also  follows,  that  a  beam  fii 
at  one  end,  13.  PL  XI.)  and  bearing  a  weight  at  the  oth 
if  it  be  cut  in  the  form  of  a  wedge,  and  placed,  with  its  paral 
sides,  parallel  to  the  horizon,  it  will  be  equally  strong  every  whc 
and  no  sooner  break  in  one  place  than  another. 
,  If  a  beam  lias  all  its  sides  cut  into  the  form  of  a  concave  pai 
bola,  {Fig.  14.  PL  XI.)  whose  vertex  is  at  the  end,  and  fa«M 
square,  a  circle,  or  any  regular  polygon,  such  a  beam  fixed  ho 
zontal  at  one  end,  is  equally  strong  throughout  for  supporting 
own  weight. 

By  the  same  principles,  if  a  wall  faces  the  wind,  and  if  1 
section  of  it  be  a  right  angled  triangle,  or  the  foreside  be  perpc 
dicular  to  the  horizon,  and  the  backside  terminated  by  a  slopi 
plane,  intersecting  the  other  plane  in  the  top  of  the  wall,  sua 
wall  will  be  equally  strong  in  all  its  parts  to  resist  the  wind, 
the  parts  of  the  wall  cohere  strongly  together  ;  but  if  it  be  bu 
of  lui^-:<:  in^tes'iirls,  it  isln'iitiT  tu        r'.j]fVf-x  on  Hie  Mcl^iide 
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Apd  if  such  a  pillar  be  tmned  upnde  dowQ,  and  loipeo^ed  at  the 
tbidc  6n4  in  the  air,  it  vill  be  no  looQer  pulled  anipder  ia  one 
part  than  anqjlj^er  by  its  own  weight.  J!M  the  case  is  the  same 
if  t)^  small  end  he  cutol^  and,  iost^  of  it,  a  cylinder  be  added, 
wbiote  h^kAA  is  half  ihe  subtangent. 

Ilastly,  let  A£  (f'ig.  16.  PCXl>)  be  a  beam  in  form  of  a  tri- 
aimilar  pijsm,  and  if  AD  si  AB»  and  AI  =  |  AC,  and  the  part 
API(  cat  a^way  parallel  to  the  base,  the  femaining  beam 
BlCEP  wfi  bear  a  gmter  weight  P,  than  4ie  whole  AQCEG, 
or  the  jpart  wiU  stronger  than  die  whole,  which  is  a  paradox 
in  ;neaianic8. 

And  upon  the  same  pri^nciiples,  aA  ii^inite  number  of  questions 
of  like  may  "be  ^emyed,  whi(^  are  curious  enough,  and  of 
greaiusein  the  common  aflairsofUfe. 

All  I  shall  hen  add,  is  the  strength  of  sereral  sorts  of  timber, 
and  other  bodies,  as  I  faaye  collected  from  experiments. 

In  the  first  edition  ofdiis  book  I  had  inserted  the  strengths 
of  some  sorts  of  wood,  such  as  I  had  made  experiments  upon ; 
in  aU  which,  J  gare  die  least  weight  which  the  worst  of  them  was 
just  able  to  beaur;  lest  any  body,  computing  the  strengUi  of  a 
beam,  should  overcharge  it  with  too  much  weight.  And,  since 
that  time,  I  have  made  a  great  many  more  experiments,  not  only 
upon  many  different  sorts  of  wood,  but  several  other  bodies,  the 
result  of  mich  I  shall  here  set  down.  A  piece  of  good  oak,  an 
inch  square,  and  a  yard  long,  supported  at  both  ends,  will  bear 
in  the  middle,  for  a  very  little  tune,  about  330  pounds  averd. 
but  will  break  with  more  than  that  weight,  this  is  at  a  medium ; 
for  there  are  some  pieces  that  will  cany  somelbing  more,  and 
odiers  not  so  much:  hut  such  a  piece  of  wood  should  not  in 
practioe  he  trusted,  for  any  length  of  time,  with  above  a  third  or  a 
fooith  part  of  that  weight  For,  since  this  is  the  extreme  weight 
which  me  best  wood  will  bear,  that  of  a  worse  sort  must  br^ 
with  it  For,  I  have  found  by  experience,  that  there  is  a 
great  deal  ai  difference  in  strength,  m  different  pieces  of  the 
veiy  same  tree ;  some  pieces  I  have  found  would  not  bear  half 
the  weight  .diat  others  would  do.  The  wood  of  the  bouriis 
and  .brandies  is  £aur  weaker  than  that  of  the  body ;  the  wood  of 
the  great  limbs  is  stronger  than  that  of  the  small  ones,  and  the 
wood  in  the  heart  of  a  soimd  tree  is  strongest  of  all.  I  have 
also  found  by  experience,  that  a  piece  of  timber,  which  has 
borne  a  great  weight  for  a  small  time,  has  broke  with  a  hi  less 
veig^t,  when  left  upon  it  for  a  for  longer  time.  Wood  is  like- 
wise weaker  when  it  is  green,  and  strongest  when  thoroughly 
dned,  and  should  be  two  or  three  years  old  at  least  If  wood 
happens  to  be  sappy  it  will  be  vtfkker  upon  that  account,  and 
will  likewise  decay  sooner.  Knots  m  wood  weaken  it  veiy  much, 
and  this  often  causes  it  to  break  where  a  knot  is.   Also,  when 
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All  tfau  fiippoNi  dwM  bodici  to  be  ■ound  tnd  g^ood  ifaroagb- 
ool ;  but  none  of  diete  ihonld  be  put  to  bear  more  than  a  third 
or  a  ftordi  part  of  the  weight,  eipeciaUy  for  any  length  of  time. 

From  wlnu  baa  been  uad,  if  a  spear  of  fir  or  a  rope,  or  a  spear 
of  iron  of  d  inches  diameter^  was  to  lift  ^  die  extreme  weight, 
tfaeoy 

Hie  fir  would  bear  8  |  drf  hundred  wagfat. 
The  rope  22  dd  hundred  weight. 
Hie  iron  6f     ton  weight 


SECTION  NINTH. 


THE  PROPEaTJES  OF  FLUIDS,  THE  PRINCIPLES 
OF  HYDROSTATICS,  HYDRAULICS,  AND  FNEU- 
MATICS. 


PROP.  LXXX.  {Fig.t.  Fl.  XIL) 
Motion  or  peessuke  in  a  fluid  is  hot  propagatec  in  bight 

LIBEi,  BUT  E^JUALLY  ALL  ABOUinS  IN  ALL  UAlfUXA  QF  D]R^ 
TIONBt  m 

If  a  force  act  at  a  in  diTectii?n  that  motion  can  be  directetf 
no  further  than  tliase  particles  lie  in  a  right  line  as  lo  But 
tiie  particle  c  will  urge  the  particles  tf,/ obliquely,  by  whicl>  ihat 
motLon  is  coDveyed  to  g.  And  these  particles  fj  will  urge 
the  particle  and  s  obliquely ^  which  lie  nearest  thenii 
Therefore  the  presaurej  as  soon  as  it  is  propagated  to  particle 
that  lie  oui  of  right  lines,  begins  to  dedeet  towards  one  side  imd 
the  other  ;  and  that  pressure  being  farther  contioued,  will  deflect 
into  other  oblique  directions,  and  30  on.  Therefore,  the  pressure 
and  motiou  is  propagated  obliquely  ad  mfinitum,  and  will,  there- 
fore,  be  propagated  m  all  dir^ciiotis. 
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Cor.  (Fiff.  8.  PL  XII.)  If  any  paH  of  a  jmmrt  pnp&gKUd 
fkrmq^  ajhdd,  be  atfpedlm  m  oktiMk,  ike  rtmemmg pmrt  wSu  dl^ 
Jktt  into  ike  ipoeei  lekU  ike  oktdek,  Thm^ifawtne  procteii 
from  Cydnda  pdri  goei  tknmdk  the  Me  A,  it  expendi  itieff',  and 
fonns  a  new  loave  b^fond  the  kole^  wkkh  movet  forwmrd  m  a  teini- 
drcle  whose  centre  is  the  hole. 

For  tnj  pairt  of  &  fluid  prftunng.  ^^st  fiie  next  it  equally  re- 
act^ on  by  tM  next,  and  flntt  bj  m  next  to  it,  and  to  on ;  from 
^efite  IouoWb  a  lateral  pj^dsrare  (equal  to  the  direct  presanre) 
into  the  pliKiei  behind  the  obstacle. 

PROP.  LXXXI.  {Fig.  3.  P/.  XU.) 

A  FLUID  CAN  ONLY  BE  AT  EE8T  WHEM  ITS  SURFACE  IS  PLACED  IN 

A  aoKinniTAL  sttuAnoN. 

For,  let  ABCD  be  a  teasel  of  water  or  any  fluid ;  and  let  AB 
be  parallel  to  the  horism,  l9tf0poM  the  auifiue  of  the  liquor  to 
be  m  the  position  tE.  Hien,  because  fl<e  parts  of  the  fluid  are 
easily  mbTeable  among  themselves;  flieren>re  (by  Ax.  7.)  the 
higher  parts  at  £  will,  by  their  gravity^  eontinuaJly  descend  to 
the  lower  places  at  F.  Also  the  greater  pressure  under  £  and 
liiA  lesser  trader  F,  will  cause  die  parts  at  £  to  descend,  and 
those  at  F  to  ascend.  And  thus  the  higher  parts  of  the  fluid 
at  E  desoendingy  and  spreadipg  themselves  over  the  lower  parts 
at  F,  which  are  at  the  same  time  ascending ;  the  surface  of  the 
fluid  will  at  last  be  reduced  to  a  horizontad  position  AB.  But 
licing  settled  in  this  position,  since  there  is  no  part  higher  Aan 
another,  there  is  no  tendency  in  any  one  part  to  descend,  more 
ttiaii  in  another ;  and,  therefore,  the  fluid  will  rest  in  an  horizon- 
tal poaition. 

Cor.  1.  (Fig.  4.  PI.  XII.)  If  the  fluid  does  not  gravitate  in  pa- 
rallel ImeSy  hut  towards  a  fixed  point  or  centre  C ;  then  the  fluid  can 
onfy  he  at  rest  when  its  surface  takes  the  form  of  a  spherical  surface 
ABj  whose  centre  is  C. 

For  if  any  parts  of  the  surface  of  the  fluid  A  or  B,  itere  fur- 
rier from  C  man  the  rest,  they  Would  continaaUy  flow  down  to 
the  places  nearer  C,  towards  which  their  weights  are  directed ; 
till  at  last  they  would  be  all  equi-distant  from  it. 

Cor.  2.  Am/ fluid  being  disturbed,  will  of  itself  return  to  the  same 
levels  or  horizontal  position. 

Cor.  3.  (Fiff.  5.  PI.  XII.)  Hence,  also,  if  a  ^erent  fluid  ABEF 
r€tt  upon  the  fluid  ABCD;  bath  the  surface  and  the  surface 
AB  that  divides  them,  wUl  lie  in  a  level  or  horizontal  situation,  when 
at  rest. 
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For,  if  any  part  of  the  sur&ce  AB  be  higher  than  the  reft, 
vriH  descend  to  the  same  level ;  and  since  F£  is  also  level,  ai 
therefore,  the  heights  AF,  BE  in  every  place  equal ;  the  prem 
of  it  on  all  the  parts  of  the  horizontal  surface  AB,  will  be  equ 
And,  therefore,  it  cannot  descend  in  one  place  more  than  ai 
ther,  but  will  continue  level. 

Car.  4.  Hence,  water  communicating  with  two  places,  or  €aiy  « 
conoeyed  from  one  place  to  another,  will  rise  to  the  same  leoel 
both  places  ;  except  so  far  as  it  is  hindered  by,  the  JHction  \ 
channel  it  moves  through,  or,  perhaps,  some  very  smau  degirte  y  ta 
city  or  cohesion. 

PROP.  LXXXII.  (Bg.  6.  PL  XII.) 

In  any  fluid  remaining  at  best,  every  part  op  it,  at  t 
same  depth,  is  in  an  equal  state  of  compression. 

For,  let  the  plane  £F  be  parallel  to  the  sur&ce  AB.  Hk 
since  the  height  of  the  fluid  at  all  the  points  of  £F,  is  equs 
therefore  the  weights  standing  upon  any  equal  parts  of  £r  a 
equal ;  and,  therefore,  the  pressure  in  all  me  points  of  £F 
equal  also. 

Cor.  1 .  A  fluid  being  at  rest,  the  pressure  at  any  depth  is  as  i 
depth. 

For  this  pressure  depends  on  the  weight  of  the  superincumbc 
fluid,  and,  therefore,  is  as  its  height. 

Cor.  2.  In  any  given  place,  a  fluid^  presses  equally  in  all  *iltr 
tions. 

'  For  (by  Prop.  LXXX.)  as  the  pressure  in  any  place  acts  in 

directions,  it  miLstbc!  tlir  sam*:  in  lill  tVirections-    For  if  it  we 
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Case  I. 

Let  ABCD  be  a  cyliiider  or  prism,  then  (by  Cor.  1.  Prop. 
XXXXIL)  the  pressoie  upon- a  given  part  of  the  base  (as  a  square 
indi)  is  as  the  depth.  And  the  pressure  uppa  the  whole  base  is 
-as  the  number  of  parts^  or  inches,  contained  in  it ;  and,  therefore, 
is  as  the  base  ana  altitode  of  the  fluid. 

CaseU.  (Fig.  7.  PL  XIL) 
Let  the  heights  and  bases  of  the  vessels  ABC,  DEF  be  equal  to 
those  of  the  cylinder  ABCD  (JV*  ^I^O;  then,  since  any 
part  of  the  haaes  AB  or  D£  is  equally  pressed,  as  an  equal  part 
of  the  base  CD ;  (Fig.  6.  PL  XII.)  therefore  the  whole  pressure 
upon  the  bases  AB  or  D£  is  equal  to  the  whole  pressure  upon 
the  base  CD,  (Fijg.  6.  PL  XII.);  and,  therefore,  is  as  the  base  and 
perpendicular  height 

Cor.  U  If  two  veueli  ABC,  DEF,  of  equal  bate  and  height, 
though  never  to  different  m  their  capac&ies,  he  fiUed  with  any  the 
mtme  fluids  their  Catet  will  suttain  an  equal  quantity  of  premart, 
the  tame  at  a  cylinder  of  the  tame  bate  and  height. 

Cor.  2.  The  quantity  of  pressure  at  any  given  depth,  upon  a  given 
turface,  is  always  the  same,  whether  the  surface  pressed  be  parallel 
to  the  horizon,  or  perpendicular,  or  oblique ;  or  whether  the  fluid 
continued  upwards  from  the  compressed  surface,  rises  perpendicularltf 
mto  a  rectuinear  Erection,  or  creeps  obliquely  through  crooked  eavt- 
ties  and  canals;  and  whether  these  passages  are  regmar  or  irregular, 
wide  or  narrow.   And  hence, 

Cor,  3.  (Fifir.  8.  PI.  XII.)  J/ABDCF  be  any , vessel  containing 
a  fluid;  and  BL,  ED,  HFOK,  and  GC  be  perpendicular  to  the 
iorigon,  and  GHAB  the  surface  of  tlie  liquor  ;  and  FL,  COD  po- 
raUel  to  AB, ;  then  the  pressure  at  L  and  ¥  is  as  BL  or  HF ;  at 
D,  O  and  C,  as  ED;  at  K  as  HK;  and,  therefore,  the  pressure 
at  L  and  F  is  the  same  ;  and  the  pressures  at  D,0,C  are  equal. 

Cor.  4.  (Fig.  8.  PI.  XII.)  The  pressure  is  every  where  directed per^ 
pendicularfy  against  the  inner  nirface  of  the  vessel.  Therefore  at 
K  it  is  directed  downward,  at  L  sideways,  and  at  F  upwards.  By 
Prop.  IX. 

Cor,  5.  (Fig.  9.  PI.  XII.)  If  two  vessels  AB,  CD,  communicate 
with  one  another  by  the  tube  BC>,  and  if  any  liquor  be  poured  into 
one  AB,  it  wHl  rise  to  the  same  height  in  the  other  CD,  and  wiU 
stand  at  equal  heights  in  both ;  that  is,  AD  will  be  a  horizontal 
line. 

For  if  the  fluid  stand  at  unequal  heights,  the  pressure  in  the 
hi^er  wiU  be  greater  than  in  the  lower,  and  cause  it  to  move  to- 
wards the  lower. 
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Car.  6.  (Figures  10  and  11.  PL  XII.)  If  fico  different  Jim 
nutam  one  another  at  rest  in  two  vetteli  AB,  CD,  that  eommm 
cote  ;  their  height  above  their  place  of  meeting,  will  he  rer^proes 
at  their  densities  or  specific  gravities. 

Let  the  fluids  join  at  C,  and  take  the  perpendicular  height 
eC,  equal  to  that  of  AB. ;  then,  if  the  densities  of  the  flai 
were  equal,  they  would  sustain  one  another  at  the  eqi 
heights  AB,  Ce.  Therefore,  that  the  pressure  of  the  other  flu 
may  be  the  same  at  its  height  must  be  so  much  greater  as  i 
density  is  less ;  that  is^  CD  :  Ce  or  AB  : :  density  of  AB  :  dc 
sity  ofCD. 

Scholium.— (JF%.  12.  P/.  XII.)  The  truth  of  the  foregoing  pi 
positions  may  be  easily  proved  experimentally.  Take  several  tal 
open  at  both  ends,  some  straight,  some  crooked,  with  their  h 
ends  turned  in  all  directions,  and  of  several  sizes,  reg^ar  and 
regular.  Put  these  into  a  vessel  of  water  to  any  depth,  and  t 
water  will  rise  up  to  the  height  of  the  external  sur£fice  of  the  ^ 
ter  in  them  all.  But  this  is  to  be  understood  of  such  tubes  as  a 
sufficiently  wide ;  for  in  capillary  tubes  immersed  in  a  vessel 
water,  it  rises  something  above  the  level,  and  that  to  heights  re< 
procally  as  the  diameters.  Likewise,  if  water  can  rise  and 
suspended  at  the  height  B  in  the  capillary  tube  AB,  it  will 
suspended  at  the  same  height  B,  whilst  the  part  of  the  tube  at 
remains  the  same,  whatever  be  the  figure  or  wideness  of  the  und 
part  CD.  And  the  ascent  and  suspension  of  water  is  the  veiy  sai 
m  vacuo.  The  same  holds  for  any  other  fluids,  but  different  flui 
rise  to  different  heights.  But  quicksilver,  instead  of  ascending 
a  capillary  tube,- sinks  in  it,  and  has  its  surface  depressed  belt 
the  common  surface,  to  depths  which  are  reciprocaUy  as  the  c 
ameters  of  the  tubes.  But  the  forces  by  which  fhiids  are  suspep 
pd  in  c[iVjilbTV  liibe.s  ■iindFT  no  I]vdn>'^tLitjc  Ifi 
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Mow  88  ntnth  flt  a  column  of  the  thiid  of  die  wuat  dcptk 
llierefeie.dM|inMiii»oflhebodTatFa9^^  ii  equal 

to  the  pramire  of  tiie  fluid  at  F  againft.the  body.  And,  theie* 
fore,  these  two  pretfores  will  remain  in  eqnilibriOy  and  the  body 
will  beat  lest 

Case  II. 

If  the  body  is  more  dense,  the  pressure  agunst  the  fluid  un- 
demeadi  is  greater  than  that  of  an  equal  quantity  of  the  fluid. 
Therefore  the  weigfat  of  the  body  will  ofercome  the  pressure  of 
the  fluid  under  it,  and  it  will  sink.  But  if  the  body  be  lighter, 
Am  pressure  of  the  fluid  will  overoome  the  weight  of  the  body,  and 
it  wdl  rise  to  the  top. 

Car.  1.  Ifietenl  MA  different  dentitin  he  mixed  together  in 
ike  some  vene^  the  keamett  wM  get  to  the  loweit  pfaee,  and  the 
Ugktett  to  the  top,  ond  thoee  ef  a  mem  dentitv  to  the  middle.  And, 
m  w^hodietwhUeverthehemfiegt  vriUbethe  lowest. 

Cor,  2.  Hence,  hodiet  placed  in  Jltdde  have  a  twofold  gravity,  the 
one  true  and  abtobtte,  the  other  tqjpareni  or  relative.  jSnoUUe  ffra- 
viijf  ii  the  force  with  which  bodie$  tend  downward  ;  hjf  thit,  all  iortt 
of  fiuid  hooks  gravitate  in  their  proper  places,  and  thev  vteight  taken 
together  compose  the  weight  of  the  whole  ;  for  the  whole  is  heawf,  as 
nu^he  experienctdin  vessels fidl  of  liquor. 

Relative  gravity  is  the  excess  cf  the/travity  of  the  My  above  thai 
of  the  fUad,  By  this  kind  of  gravity  fluids  do  not  gravitate  m  their 
proper  places ;  thai  is,  they  do  not  preponderate,  Imt  hindering  one 
anathert  descent,  remain  m  their  proper  places  as  if  they  were  not 
heavy. 

Cor.  3.  Hence,  an  irrmlar  hody,  or  one  thai  is  heterogeneous^ 
descending  m  a  Jtuid,  or  if  it  move  in  any  direction,  and  a  line  he 
drawn  connecting  the  centre  of  gravihf  and  centre  cf  magnitude  of 
the  hody,  the  hody  wHl  to  dictate  itself  u  to  move  in  that  line ;  and 
that  the  centre  of  grav^  wUl  go  foremost  and  the  centre  of  magni- 
tude behind. 

For,  there  being  more  matter  and  less  surface  near  the  centre 
of  gravity,  that  part  will  be  less  resisted  than  near  the  centre  of 
magnitude ;  therefore,  the  centre  of  magnitude  will  be  more  re- 
tarded than  the  centre  of  grarity,  and  will  be  left  behind. 

Cor.  4.  Hence,  no  hody  can  he  at  rest  within  a  fluid,  unless  it  be 
of  the  same  specific  gravity  as  the  fluid. 

Scholium. — ^What  is  here  said  of  bodies  of  greater  density 
sinking  in  a  fluid,  must  be  understood  of  such  as  are  solid.  For, 
if  a  b^y  be  hollow,  it  may  swim  in  a  fluid  of  less  density.  But, 
if  the  hollows  or  cavities  be  filled  with  the  fluid,  it  will  then  sink. 
Likewise,  bodies  of  greater  specific  gravity  being  reduced  to  ex- 
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tremely  small  particles,  may  then  be  suspended  in  the  fli 
But  the  forces  by  which  this  is  done  belong  not  to  any  lawi 
hydrostatics. 

PROP.  LXXXV.         13.  PL  XIL) 

Bodies  immersed  in  a  fluid,  and  suspended  in  it,  lose  i 
weight  of  an  equal  bulk  of  the  fluid. 

For,  (by  the  last  Prop.)  if  the  body  £F  be  of  the  same  den 
as  the  fluid,  it  loses  all  its  weight,  and  neither  endeavours  to 
cend  or  descend.   Therefore,  if  it  be 'lighter  or  heavier  it  o 
endeavours  to  ascend  or  descend  with  the  difference  of 
weights  of  the  body  and  the  fluid,  and  has,  therefore,  lost 
weight  of  as  much  of  the  fluid. 

Cor.  1 .  I7ie fluid  acquires  the  weight  wUch  the  body  lotet. 

For  the  sum  of  the  weights  of  the  solid  and  fluid  is  the  sai 
both  before  and  after  emersion. 

Cor.  2.  All  bodiet  of  eoual  magnitude  immersed  tn  a  fluid  I 
equal  weights,  and  tmequat  bodies  lose  weights  proportional  to  tk 
bulks. 

Cor,  3.  The  weights  lost  by  immersing  one  and  the  same  bodb^ 
different  fluids  are  as  the  densities  of  the  fluids,  or  as  their  ^peq 
gravities, 

'  Cor,  4.  Jlence,  also,  if  two  bodies  of  unequal  bulks  be  in  eguilih 
in  one  fluid,  they  will  lose  their  equilibrium  in  another  fluid  of  difft 
ent  density. 

Scholium. — Since  a  body  immersed  in  a  fluid  loses  so  mu> 
ipretght  as  thai  of  an  equal  quaniiiy  of  the  fluids  thefefbrti  it  tea 
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fluid  undenieitliy  if  jnsit  fhit  woe  as  the  pettare  of  the  fluid  in 
the  room  of  the  iaBniened  pert;  vad,  therefore^  the  weight  of 
ooe  is  equal  to  the  weight  of  the  oflier. 

Cor.  1.  If  the  botfjf  he  komogenemUy  the  weight  or  magnitmle  of 
the  whole  Jloatmg  hojjf  .is  to  the  weight  or  mmrmhide  of  the  part  tst- 
merted  H  as  the  dosftfy  or  sped^  gravity  of the  fluid  it  to  the  dai- 
nty or  qtecific  gravity  of  the  fttfJy. 

For  the  density  of  the  fluid  :  density  of  the  body  : :  weight  (of 
die  fluid  equal  to  the  immersed  part,  or  the  weight)  of  the  whole 
whole  body  :  weight  of  the  immersed  part 

'  Cor.  2.  If  om  amd  the  tame  6o<^  Jjoaty  or  twim  tqxm  different  U- 
gmdt,  the  immersed  part  in  each  hfiad  wUl  he  reciprocally  at  their 
densities;  and,  thergore^  a  body  will  sink  deeper  m  a  tighter  flttid 
than  in  a  heavier, 

PROP.  LXXXVn.  {Fig.  14.  PL  XII.) 

If  a  floating  bodt  AFBE,  or  system  of  bodies,  be  at  rest 
in  a  fluid,  and  d  be  the  centre  of  gravity  of  the  whole 
body,  and  c  the  centre  of  gravity  of  the  fluid  afb, 
equal  to  the  immersed  part  of  the  body  ;  then,  i  say, 
the  line  cd  will  be  perpendicular  to  the  horizon. 

For,  as  C  is  the  centre  of  gravity  of  the  fluid  AFB,  it  is  the 
centre  of  all  the  forces  or  weights  of  the  parts  of  the  water  in 
AFB,  tending  downwards ;  but  because  the  body  is  at  rest,  the 
same  point  C  is  also  the  centre  of  all  the  pressures  of  the  fluid 
underneath  tending  upwards,  by  which  the  weight  of  the  fluid 
AFB  or  of  the  body  luTBE  (equal  to  it  by  Prop,  last)  is  sustained. 
Therefore  the  sum  of  all  the  forces  tending  upwards  to  C,  is 
equal  and  contrary  to  the  sum  of  all  the  forces  tending  down- 
wards from  D,  (by  Ax.  11.)  because  that  pressure  sustains  the 
body.  But  the  weight  of  the  body  tending  from  D  is  perpendi- 
cular to  the  horizon;  therefore,  CD  is  perpendicular  to  the 
horizon. 

Cor.  If  the  whole  body  he  as  fieavy  or  heavier  tfum  water,  and  be 
immersed  in  it,  the  centre  of  gravity  will  be  the  lowest,  and  descend 
theforemost. 

PROP.  LXXXVIII.  (1%.  1.  PL  XIII.) 

If  a  fluid,  CONSIDERED  WITHOUT  WEIGHT,  BE  ENCLOSED  IN  A 
VESSEL,  AND  STRONGLY  COMPRESSED  ON  ALL  SIDES,  EVERY 
PART  WITHIN  IT  WILL  B?  IN  THE  SAME  COMPRESSED  STATE. 

For,  if  any  particle  was  less  pressed  than  another,  the  greater 
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|>Tes9ure  would  aioTe  the  fluid  tdwonU  ihd  less  edUapnamdf  p 
till  their  compression  became  everj  M^bm  equal ;  and  'Iben 
equal  pressures  would  balance  one  another)  and  remain  at  reft 
Cor.  1.  Hence,  any  ioft  botfyasOHl,  wkoteparH  cmmoi  be  t 
densedy  being  immerted  m  a  ftmd  etushted  in  a  veMel,  mui  ^hm 
compressed  on  every  side,,  the  body  wUl  retain  its  fgun^  mtd 
change  from  the  compression  of  the  ambiintftuid.  And  idliispt 
will  remain  at  rest  among  themselves,  and  in  the  same  compra 
stale  as  the Jluid, 

Cor.  2.  ITie  motion  of  any  inchuUd  bo^  as'R^  or  dfany  fom 
of  bodies,  will  not  beat  aU  changed  by  the  compression  of  thejh 
bid  wHl  remain  the  same  as  before. 

For,  the  compression  acting  eyefy  way  aHke^  oan  make  nofl] 
ration  in  the  motion  of  bodies. 

Cor.  3.  In  an  inflexible  vessel,  a  fluid  will  not  sustain  a  s/roa^ 
pressure  on  one  side  than  another;  mtt  will  give  Way  to  an^  excess 
pressure  in  a  moment  of  time,  and  be  reduced  to  an  equahty  of  ps 
sure. 

PROP.  Lxxxix.  {Fig.  13.  p/.  xn.) 

If  air,  or  AKY  elastic  fluid  of  small  DfeSrSlTT,  BE  SRt^T 

III  A  close  vessel,  evert  part  of  it  will  be  in  the  8a: 

COMPRESSED  STATE. 

For,  let  ABCD  be  a  vessel  full  of  enclosed  air,  then  the  air, 
equal  altitudes  within  the  vessel  will  be  in  the  same  state  6f  col 
pression ;  and  the  compression  in  the  bottom  of  the  vessel  e 
f&Iy  «E<>B«d  q^^^  tofv  by  Cb€itf^t  6f  a  ^faimjdFgSy  ^ 
height  of  the  vmjA  AC,  (by  Cor.  t/1F*rd^.  KJQCXlt.)  btrt  \ 
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For  the  mpg  or  daitieity  of  the  ftir  ii  t|ie  force  it  txett 
lagainst  the  forcei  of  coiDpreBiioDy  and^  thercfofty  mutt  be  equal 
to  it. 

ScHpLiuMw — That  the  air  is  aheavyy  dastiCt  compmsible  bodv, 
is  oonilmied  hy  musj  eiqperiiiiepta  made  for  that  pnrpoee.  Its 
properties  fve  am* 

1.  The  sir  has  some^  tengh  a  Tery  ^otJS^  deme  of  weight, 
idudi  is  so  smally  thai  it  hanUy  hecomrs  seosihlfi  hot  in  the 
of  the  whole  almosphere^  or  body  of  air  enclosing  the 

The  air  is  an  elastic  flnidy  and  capable  .of  being  condensed 
and  rarified.  And  when  it  is  condensed  or  forced  into  a  less 
spacer  its  springy  or  ihe  force  it  werts  to  unbend  itself  is  propor- 
tional to  me  force  that  compresses  it.  And  the  space  any  given 
(QWlPtity  .takies  op^  is  reciprocally  as  the  comprcssfing  foree;  or  iu 
jSass^ci^y  is  as  its  density. 

3.  All  the  air  near  the  ear&  is  in  a  compressed  state^  by  the 
wei^  of  die  atmosphere  or  body  of  the  air  above,  whidi  com- 
presses it.  Andy  from  hence,  the  density  of  the  air  grows  conti- 
nuallv  less,  the  hi^er  it  is  above  the  sur&ce  of  the  earth.  The 
we#|^..of  the,  atmosphere  at  the  surface  of  the  eartbis,  at  a  me« 
dtum,  about  144  lb.  averdv  upon  every  square  inch.  But  at  diiP 
ferent  times  it  differs,  by  reason  of  winds,  hot  or  cold  weather, 
&c.  But  the  height  of  the  atmosphere  is  uncertain,  by  reason  it 
grows  continually  more  rare  towards  the  top  till  it  vanities.  The 
weight  of  the  atmosphere  is  equal  to  the  weight  of  water  1 1  yards 
hig^. 

4.  The  spring  or  elasticity  of  the  air  is  increased  by  heat,  and 
decreased  by  cold,  so  that  if  any  quantity  of  air  be  enclosed  in  a 
vessel,  it  will  have  a  greater  spnng  or  pressure  when  heatCKl,  and 
will  lose  part  gf  its  spring  by  cold. 


PROP.  XC. 

To  FIND  THE  SPECIFIC  GRAVITT  OP  BODIES. 

Case  I. 

^^it  hea  mUdiody  heavier  than  waUr,  weigh  it  exactly,  first  in 
air,  .and  then  in  water,  or  some  fluid  whose  epedflc  gravity  you 
know ;  and  let . 

-Th^absobOe  weight  of  the  body  =  A, 
The  weight  in  to^Uer,  Sfc.  =  B, 
T%e  ^edfic  grwxUybft^^  C, 
The  specifie  gnwiif  qjf  the  hodyzzi  D, 
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Thm  will  Dzz  —iLgC,  the  tpeafiegrmniy  of  the  body. 
Case  II. 

For  a  $oiid  hodhf  UgkUr  tkn  water.  Take  any  piece  of  me 
and  tie  it  to  a  piece  of  the  li^t  body,  so  that  the  compoand  m 
sink  in  water ;  and  putting  as  in  Case  I.  uid 

E  =z  w€i^kt  of  the  metol  m  wotar. 
F  zi  weight  of  the  companmd  in  wmter. 

Thtnjy—  — ^^--^  ihe^cifc  gravity  of  the  UghthoAf. 
Case  m. 

F6r  a  fluid.  Take  a  soKd  body  of  known  specific  graiii 
vrfaidi  will  sink  in  the  fluid.    And  putting  the  same  letten  as 

Case  I.  ThcRwiUQzz  ^-Z^,  the  spedjie  gravity  of 
Or  this: 

Take  a  body  that  will  sink  in  the  fluid,  and  also  in  water,  ai 
let 

A  zi  absoUtte  weight  of  the  body, 

B  =  its  weight  in  water^ 

G  :=  its  weight  in  tkeflmdy 

C  —  specijic  gravity  <f  water, 

Z  —  specific  gravity  of  the  Jluid  required, 

•    IhenZ—  ^jn^C. 

A— B 

Biit  f6t  tnercniy,  or  for  powd^s,  dost,  or  imaJl  fragments 
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an  eqoalqoantity  ofwiter  is  A  —  F  —  £orA-|-  E-^F^tlim* 
fore,(as  inCasel.)  it  is  A  +  E  — F:A::C:D.  And  tlie 
rale  is  equally  trae,  whether  D  be  lighter  or  hearier  than  water. 

In  Case  IH.,  since  D  =  — —  C,  therefore  C  =Azi?D. 

A  — B  A 
Or  in  the  other  rule;  A —  B  =  weight  of  as  nmch  water,  and 
A  —  G  =  weight  of  as  much  of  the  fluids  and  the  specif  gran- 
ties  being  as  the  weights  of  equal  quantities  of  the  matter;  there* 

fore,A  — B  :  A-*G:: c:z. 

Cor.  1.  Henee,  ifapieeeaf  frntttd^  or  any  iort  of  matter  i$  offered 
to  know  what  tort  it  tf  of,Ja»d  its  specific  gravity  by  the  rule  dbovey 
which  teeh  in  the  foUowmf  table;  amd  the  nearest  to  it  gives  the 
name  ofthebotfy^orwkatkindiiisqf. 

Cor.  2.  Andto  ^  the  solid  amteta  of  a  mall  bwfy  heamer  than 
water.  Weigh  it  in  air  and  water,  and  the  difference  of  the  weights 
VtdHcedto  gramsy  being  divided  by  256,  the  quotitnt  is  the  cubic 
inches  it  contains. 

For  a  cubic  inch  of  water  weighs  256  grains ;  or  a  cubic  foot 
weighs  76  lb.  troy,  or  62^  lb.  aTerdupoise,  which  is  but  254  grains 
to  an  indi. 

Cor.  3.  HencCy  also,  the  solidity  a  body  being  known,  theweight 
may  be  found,  and  the  contrary.  Thia,  put  n  ^  0.5275  ounces 
troy,  or  0.5787  ounces  averdmtjpotse  ;  and  D  =  specific  gravity  of  the 
baity  by  the  following  tabk;  then  as  1  inD  ::  soUd  content  in 
inches  I  weight  inounces;  and  one  being  given  finds  the  other. 

For  the  weight  of  a  cubic  inch  of  water  is  .5275  os.  troy,  or 
^787  oz.  averdupoise. 

A  TABLE  OF  THE  SPECIFIC  GRAVITIES  OF  BODIES. 

SOLIDS. 


Fine  gold   19.640 

Standard  gold   18.888 

Lead   11.340 

Fhie  silver    11.092 

Standard  silver   10.536 

Copper   9.000 

Corpper  ha^pence  ....  8.915 

Fine  brass   8.850 

Cast  Brass   8.100 

Steel    7.850 

Iron.  ,   7.644 

Pewter    7.471 

Tin   7.320 


Cast  iron   7.000 

Lead  ore   6.200 

Copper  ore..   5.167 

Lapis  calamiDaris   5.000 

L(^stone   4.930 

Crude  antimony   .4.000 

Diamond   3.517 

White  lead   .  3.160 

Island  crystal   2.720 

Marble    2.707 

Pebble  stone   2.700 

Coral   2.700 

Jasper   2.666 
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Rock  crystal    2^50 

P^arl    2.630 

Glass   2.600 

Flint    2.570 

Onyx  stone   2.510 

Common  stone   2.500 

Glauber  salt    2.250 

Crystal   2.210 

Oyster  shells   2.092 

Brick   2.000 

£a^   1.984 

Nitre   1.900 

Vitriol   1.880 

Alabaster    1.874 

Horn   1340 

Ivory   1,820 

Brimstone   1.800 

Chalk   1.793 

Borax   1.717 

Allum  .  .   1.714 

Clay    1.712 

Dry  bone    1.660 

Humane  calculus  ....  1.542 

Saiid   1^20 

Gum  arable.   1.400 

Opium   1*350 

Lignum-vitae    1.327 


Coal  . 
Jet  ... 
Coral  . 
Ebony. 
Pitdr  . 


  1.5 

  U 

  1.5 

  1.1 

  1.1 

Rosin   1.1 

Mahogany   l.( 

Amber.  ". .  l.( 

Brazilwood   l.C 

Box  wood  l.C 

Common  wateb   l.C 

Bees' wax   S 

Butter   .S 

Logwood  S 

Ice  S 

Ash  (dry)  6 

Plumtree  (dry)   C 

Elm  (dry)   Je 

Oak  (dry)  8 

Yew   7 

Crabttee   .7 

Beech  (dry)  7 

Walnut-tree  (dry)  « 

Cedar   ^ 

Fir   .5 

Cork   .2 

New-fallen  snow  ....  .0 


Qnick^Ter, 
Oil  of  vitriol 


i4jm 

1.700 


^rom  of  "fanmaii  blood 

Ale  
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reason  of  dieir  different  goodness,  fineness,  compactness,  teztare, 
dryness,  being  more  or  less  fiee  from  mixture,  flee.  And  some- 
times by  a  greater  degree  of  heat  or  cold,  which  affect  all  bodies  a 
little,  from  whence  ihm  will  arise  a  sensible  difference  in  dif- 
ferent parcels  of  the  same  sort  of  matter,  in  almost  all  bodies, 
whether  solid  or  fluid.  Particularly  in  wood  there  is  great  dif- 
ference, for  green  wood  is  far  heavier  than  dry  wood,  uid  some 
gieen  wood  will  sink  in  water,  as  elm. 

PROP.  XCI.         2.  PL  XIII.) 
Thz  centre  of  PRESSums  OF  'ant  plane  sustaining  a  fluid 

PRESSING  AGAINST  IT,  IS  THE  SAME  AS  THE  CENTRE  OF  PERCUS- 
SION, SUPPOSING  THE  AXIS  OF  MOTION  TO  BE  AT  THE  INTER- 
SECTION OF  THIS  PLANE  WITH  THE  SURFACE  OF  THE  FLUID. 

The  centre  of  pressure  is  that  point  against  which  a  force  being 
applied  equal  and  contrary  to  the  whole  pressure,  -it  will  just  sus- 
tain it,  so  as  the  body  preaoed  on,  will  incline  to  neither  side. 

Let  AF  be  die  surfece  of  the  water,  O  the  centre  of  pressure; 
draw  AO,  and  parallel  to  AF,  draw  cbd.  Then  the  pressure 
against  any  smaU  part  cd,  is  u  cd  and  the  depth  of  the  fluid, 
that  is,  as  cc{  X  A6.  And  the  force  to  turn  the  plane  about  O, 
is  c(2  X  A6  X  or  ci/  X  A^  X  AO  —  cd  X  A6«.  And  the 
sum  of  them  all  must  be  equal  to  0.  Therefore,  AO 
turn  qfaU  cd  X  A^«^  ^^^1^  therefore,  (by  Prop.  LVII.)  O  is  the 
turn  of  all  cd  X  Ab 
same  as  the  centre  of  percussion. 

Cor.  1.  The  centre  of  pressure,  upon  a  plane  parallel  to  the  hori-' 
zon,  or  upon  any  plane  where  the  pressure  is  wnfomiy  is  the  same  as 
the  centre  of  gravity  of  that  plane. 

For  the  .pressure  acts  upon  every  part,  in  the  same  manner  as 
gravity  does. 

Cor,  2.  The  quantity  (f  pressure  upon  any  plane  surface ^  is  equal 
to  that  of  the  same  plane,  placed  paraUel  to  the  horizon,  at  the  depth 
where  its  centre  of  gravity  is  ;  and  the  same  is  true  of  any  number 
of  surfaces  taken  together. 

For  the  whole  pressure  is  as  the  sum  of  all  the  Ab  x  cd  ;  and 
upon  the  whole  figure  placed  at  the  centre  of  gravity,  it  is  ABC 
X  distance  of  the  centre  of  gravity,  from  A.  But,  (by  Cor.  3. 
Fhrop.  XUV.)  these  products  are  equal.  And  the  same  may  be 
proved  for  several  surfaces,  or  the  sumce  ell  any  solid,  taking  the 
centre  of  gravity  of  all  these  surfeces. 

K 
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PROP.  XCU.   (Fig.  1.  PL  VII.) 

To  FIND  THE  CENTRE  OF  EQUILIBRIUM  OF  A  BODY,  OR  A  STST] 
OF  BODIES,  IMMERSED  IN  A  FLUID. 

The  centre  of  equilibrium  is  the  saine  with  respect  to  bod 
immersed  in  a  fluids  as  the  centre  of  gravity  is  to  bodies  in 
space ;  it  is  a  certain  point,  upon  which,  if  the  body  or  bodies 
suspended,  they  will  rest  in  any  position. 

Let  A,  B,  C  be  three  bodies,  or  the  quantities  of  matter  in  diei 
p,  r  their  relative  gravities  in  the  fluid;  1  =  absolute  gravi 
Then  pA,  gB,  rC  are  the  weights  of  A,  B,C  in  the  fluid.  ] 
G  be  the  centre  of  equilibrium.  Then,  by  the  same  reasoning 
in  Prop.  XLVII.,  the  sum  of  the  forces  of  A,  B,  C  ispA  x  ■ 
+  yB  X  B6  +  rC  X  Cc=:  Gg  X  pA  +  9^  4-  rC,  the  sum 
the  forces  or  weights  when  situated  in  G.  Whence  Gg 
^^Xi^^  4-B6xgB+CcxK:  ofthecenire 

;?A  +  ^B  +  rC  ] 
eqtdlibrktnr  from  ST,  m  the  fimd.    And  if  any  body,  as  A^ 
l^^ter  than  the  fluid,  flien  its  relative  gravity  p  will  be  negatr 
And  if  any  body  is  situated  on  the  other  side  of  the  plane,  its  d 
tance  from  it  must  be  taken  negative. 

Cor.  If  thi  body  or  bodies  be  homogeneous,  the  centre  of  equ 
briim  is  the  same  as  the  centre  of  gravity. 

Scholium. — The  relative  gravity  is  found  thus  Take  flie  8} 
cific  gravity  of  the  fluid  from  that  of  the  body,  and  divide  the : 
mainder  by  the  specific  gravity  of  the  body.  And  these  sped 
gravities  are  had  by  Prop.  XC. 
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Tben  jiA,  ^B,  rC  we  the  weights  of  the  bodies  in  the  fluid.  Let 
G  be  the  oentie  of  equilAiriiiiD ;  and  O  tbe  centre  of  oscfllatioA 
sought.  Put  s  =:  A  X  SA*  +  BxSB*-h  CxSC*.  Tben  (by  the 
same  reasonings  and  construction,  as  in  Prop.  LMII.)  the  angu« 
lar  velocities  which  the  bodies  A,  B,  C  generate  in  the  system  are, 

city  generated  by  them  aU, -S«  X  M  +  S»XvB        X  *€ 

f 

Likewise  the  angular  velocity  which  the  particle  P,  situated  in 

Sr  V  P  Sr 

O,  generates  in  the  system,  is  or  But  their  vibra- 

^      '    P  X  SO*  SO« 
tions  are  performed  alike;  Uierefore  their  angular  velocities 

mustbeequaL    Hut  U"'^  ^  ^^JL?!JiJ5,^^  ^  X  ^ 

zzJa:  ^      V    Whence  so  =   IL.  i  ' 

SO«       SO  X  SO  SG  ^ 

 .  ?  But  (by  Prop.  XCII.) 

—  SexM  +  Snx^B  +  SrfxK: 


—  ScxM+Snx^B-f&^xrCzzS^  X  M -HyB+rC;  there- 
fbreSO  =  Aj^AM:j2<SB«  +  (5xSC«,^  ^ 

SG  X  M  4-      +  rC 
an  iutcrimid  pendulum,  out  of  the  fliad: 

Cor.  1.  (Fig.  6.  Pl.VUI.)  Btnu,  if  the  bodies  are  homogeneous, 
thenpzz.znr;  andSO  =  ^  ^  SA»+B^SB.+C  X  SC« 

;?xSGkA-fB  +  C 

Cor.  2.  The  sgstem  makes  an  exceeding  small  vibration  in  the 
jUM  in  the  smne  time  that  a  simple  pSidvlum,  whose  length  M 
AX  SA«4-Bx  SB>-fCj<^»  ^^^^  ^  ^ 

SG  X  i>A  +  ^B  -f  rC 
For  the  velocity  of  the  system  being  very  small,  the  resistance 
is  inconsiderable. 

Car,  3.  Hence,  ifSK  he  the  length  of  a  simple  pendulum  (A),  vi- 
hating  in  a  fluid;  then  ^.is  the  length  of  fin  iscpcrowd  pendur 

turn  m  vacuo. 

For  in  a  single  body,  SO  =  or!^/ 
SAxM 

Cor.  4.  And  ifp  he  negative,  orthe  pendulum  qtedficaUy  Kghter 
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than  the  fltdd  ;  the  pendulum  will  ttam  vpgide  down^  and  vibrmte  i 
wards  in  the  fluid.    And  the  length  of  an  isocronal  pendulum  out 

the  fluid,  wiU  he  — ,  as  before. 
P 

Scholium. — The  centre  of  percussion  is  the  same  in  a  fluid 
out  of  it.  For  there  is  nothing  concerned  in  that,  but  the  quau 
ties  of  matter  and  velocities ;  both  of  which  are  the  same  in  i 
fluid,  as  out  of  the  fluid. 

The  relative  gravities  p,  q,  r  are  found  by  the  Sdiolium  of  i 
last  Prop. 

PROP.  XCIV.  {Fig.  3.  PL  XIII.) 

If  a  fluid  runs  through  any  tube,  pipe,  or  canal,  a 
always  fills  it,  its  velocity  in  any  place  will 
reciprocally  as  the  area  of  the  section  in  that  placi 

Let  A6,  CD  be  two  sections  at  A  and  C ;  and  let  the  qui 
tity  of  the  fluid  A6DC,  in  a  very  small  time,  be  translated  ii 
the  part  abdc  of  tlie  pipe.  Draw  Tp,  Qq  perpendicular  to  A 
CD,  or  parallel  to  the  motion  of  the  fluid ;  then  P;p,  bei 
indefinitely  small,  will  be  the  velocities  of  the  fluid  at  P  and 
or  the  spaces  described  in  that  small  part  of  time.  .  Then,  1 
cause  the  pipe  is  always  full,  the  quantity  ABDC  =l  abdc.  Ti 
from  both,  the  part  a6DC,  which  is  common;  and  there 
mains  ABba  =  C'Ddc,  that  is  the  section  APB  x  Pp  =  sect 
CQD  X  Q^. 
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quantiiy  of  water  dmkamd  at'R^ma  ieeomd,  or  tame  gkfem  timef 
wiUbeastke  rnetkm  at  K. 

For  if  the  force  is  pyetky  tbe  motion  generated  in  a  |iTen  time 
will  be  given ;  and  this  motion,  being  as  the  quanti^r  or  water  x 
velocity  at  R ;  dierefore  the  quantity  forced  through  R,  will  be 
reciprocally  as  tbe  Telocity,  or  diieiBtly  as  the  section  at  R,  by 


.  Cor.  3.  The  velocity  qumUity  of  motion^  "is  the  mme  very 
near  m  crooked  tubee  as  im  ttraight  omee  ;  and  in  pipes  divided  mlo 
several  branches^  taking  the  section  of  all  the  branches  as  the  section  of 
one  tube. 


In  ant  pipe  whose  sbction  is  ABCD,  the  stress  or  force  to 
split  ant  part  of  the  pipe  at  b,  is  equal  to  half  the 
pressure  of  the  fluid  upon  the  plane  bd,  drawn  per- 
pendicular to  the  curve  in  b,  and  of  the  same  lehoth 
as  that  part  of  the  pipe. 

Let  Ee  be  any  small  part  of  the  surface ;  draw  £0  perpendicular 
to  the  curve  Ee ;  draw  £n,  en  perpendicular  to  BO,  and  er  perpen- 
dicnlar  to  EN.  And  let  OE  represent  the  pressure  of  a  particle  of 
the  fluid,  then  EO  X  Ee  =  pressure  upon  Be.  Tbe  force  OE  may 
be  divided  into  the  two  ON,  NE;  of  which  ON  tends  only  to  split 
the  tube  at  A,  but  that  in  direction  NE  is  the  force  to  separate 
the  parts  at  B.  Therefore  EN  x  Ee  is  the  stress  at  B.  But  the 
triangles  Eer,  EON  are  similar,  and  Ee  x  EN  =  EO  X  er,  or 
£0  X  Nil.  Therefore  the  part  of  the  pressure  on  Ee,  in  direc- 
tion NE,  from  whence  the  stress  atB  arises,  is=  EO  X  Nn,  that 
is  =  to  the  pressure  upon  the  plane  Nn.  Consequently  the  stress 
arising  from  the  pressure  on  BE  is  zz  pressure  on  BN,  and  from 
the  pressure  on  BA  is  —  pressure  on  BO.  And  the  stress  at  D 
by  me  pressure  on  AD,  is  equal  to  the  pressure  on  OD. 

Also,  we  suppose  ^e  same  forces  acting  in  the  semi-circle 
BCD :  but  these  serve  only  to  keep  the  forces  acting  upon  BAD 
in  equilibrio. 

Cor.  1.  The  stress  on  any  part  of  apipe  full  of  water,  is  as  the 
diameter  of  thep^)e,  and  the  perpendicular  height  of  the  water  above 
that  place;  and,  consequently,  tlie  thickness  of the  metal  ought  to  he 
in  that  ratio. 

Cor,  2.  In  any  concave  surface,  cask,  or  vessel,  generated  by  re^ 
vobmg  round  an  axis,  and  fitted  with  a  fluid,  the  stress  as  to  spUt^ 
tirtg  is  equal  to  half  the  pressure  tmon  tlie  plane  passing  through  its 
aans.  And  the  stress  on  both  sides  at  B  and  D«  equal  to  the  whole 
pressure  on  thai  plane. 


PROP.  XCV.  {Fig.  A.  PL\m.) 
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Car.  3.  Hence,  the  internal  pressure  on  any  length  ff  the 
to  the  stress  it  suffers  as  to  splitting  : ;  as  .2  X  3.I4I69  tO  1. 

Cor.  4.  Hence  it  follows^  that  the  stress,  arising  Jlrom  dtn^  p 
oore,  upon  any  part,  to  split  it  longitudmaUyy  transversely,  or  aift  i 
direction,  is  equal  to  the  pressure  upon  a  plme,  drawn  perpendim 
to  the  line  of  direction.  Thus  the  stress  arising  from  the  preu 
on  BE  IS  =  pressure  on  BN. 

.  Cor.  5.  And  if  the  pipe  he  flexible,  it  wUl,  hy  the  pressure,  he 
into  a  cylindrical  form,  or  such  that  the  section  is  a  circle. 

For,  if  BD  be  greater  than  AC,  there  will  be  a  greater  pi 
sure  in  direction  OA  than  in  direction  OB ;  and  the  greo 
pressure  will  drive  out  the  sides  A  and  C,  till  AC  become  eq 
to  BD,  and  ABCD  be  a  circle.  Besides,  a  circle  is  more  cai 
cious  than  any  other  figure.  And  if  a  pipe  be  not  flexible, 
the  pi^sure  of  the  fluid  will  alwfays  ^hdeaVbur  td  put  it  int 
circular  figure. 

Cor,  6.  And  if  an  elastic  compressed  fluid  he  inclosed  in  a  vet 
flexible,  and  capable  of  being  distended  every  way,  it  will  form 
self  into  a  sphere,  for  the  same  reason, 

PROP.  XCVI.  {Fig.  5.  Fl,  Xni.) 

If  a  close  flexible  tube  AB  full  of  aie,  be  immers 
wholly  or  in  part  in  the  water  cdef,  the  force 
split  it,  in  any  place  o,  is  proportional  to  ao, 
height  from  a. 

For  the  air  compressed  at  A  is  in  equilibrio  with  the  exler 
pressure  Of  the  water.   At  B  and  O  the  air  is  in  the  same  co 

pressed  state  a.s  in  A ;  but  the  external  pressure  at      is  left 
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PROP.  XCVIL  {Fig.  a.  PL  XIII.) 

The  quantitt  of  a  fluid  flowing  in  ant  time  through  a 
bole  in  the  bottom  or  side  of  a  vessel^  always  reft 
full,  is  equal  to  a  cylinder  whose  base  is  the  area 
of  the  hole^  and  its  length  the  space  a  body  will  de- 
scribe in  that  time,  with  the  velocity  acquired  by 
falling  through  half  toe  height  of  the  liquor  above 

THE  HOLE. 

Let  ADB  be  a  vessel  of  water,  B  the  liole,  and  take  BC  =  ED 
the  hetght  of  the  water ;  and  let  the  cvlinder  of  water  BC  fiJl  bv 
Hs  weight  through  half  DBy  and  it  will  by  that  &11  acquire  sucn 
a  motion,  as  to  pass  throi^h  DB  or  BC  uniformly  in  the  same 
time,  by  Cor.  3.  Prop.  XIV.  But  (by  Prop.  LXXXIII.  and 
Cor.  2.)  the  water  in  tfaie  orifice  B  is  pressed  with  the  weight  of  a 
fiolunm  of  water,  whose  base  is  B  and  Mght  BD  or  BC;  there- 
fore tins  pressure  is  equal  to  the  cylinder  BC.  But  equal  forces 
generate  equal  motions;  therefore  the  pressure  at  B  will  ffenerate 
u>e  same  motion  in  the  spouting  water,  as  was  generated  by  the 
weight  of  the  cylinder  of  water  BC.  Therefore,  in  the  time  of 
felling  through  half  DB,  a  cylinder  of  water  will  spout  out,  whose 
length  (or  the  space  passed  uniformly  over)  is  BC  or  BD.  And 
in  the  same  time  repeated,  another  equal  cylinder  BC  will  flow 
out,  and  in  a  third  part  of  time,  a  third,  &c.  Therefore  the  Length 
of  Uie  whole  cylinder  run  out,  will  be  proportional  to  tfie  time, 
and,  conse<juently,  the  velocity  of  the  water  at  B  is  uniform. 
Therefore,  m  any  time,  the  length  of  a  cylinder  of  water  spouting 
out,  will  be  equal  to  the  length  described  in  that  time,  with  the 
velocity  acquired  by  foiling  through  half  DB. 

Car.  1.  Bence,  in  the  time  of  falling  through  halfDB,  a  quantity 
of  the  fluid  runs  out,  equal  to  a  cylinder  whose  base  is  the  hole ;  and 
length,  the  height  of  the  fluid  above  the  hole. 

Cor,  2.  The  velocity  in  the  hole  B  is  uniform,  and  is  equal  to  that 
a  heavy  boA/  acquires  by  Jailing  through  half  DB. 

Cor.  3.  (Fig.  7.  PI.  XIII.)  But  at  a  small  distance  without  the 
kokf  the  stream  is  contracted  into  a  less  diameter,  and  its  velocity 
mt^iased;  so  that  if  a  fluid  spout  through  a  hole  made  in  a  thin  plate 
of  metal,  it  acquires  a  velocity  nearly  equal  to  that,  which  a  heavy 
bofy  acquires  by  /idling  the  whole  height  of  the  stagnant  JUdd  above 
the  hole. 

For  since  the  fluid  converges  from  all  sides  towards  the  centre 
of  die  hole  BF ;  and  all  the  particles  endeavouring  to  go  on  in 
right  lines,  but  meetmg  one  another  at  the  hole,  they  wiH  com- 
press one  another.  And  this  compression  being  every  where 
directed  to  the  axis  of  die  spouting  cylinder,  the  parts  <»f  the 
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fluid  will  endeavour  to  converge  to  a  point,  by  which  means  1 
fluid  will  form  itself  into  a  sort  of  a  conical  figure,  at  some  distai 
A*om  the  hole,  as  6EGF.  By  this  lateral  compression,  the  pai 
cles  near  the  sides  of  the  hole  are  made  to  describe  curve  lines 
HE,  KG ;  and,  by  the  direct  compression,  the  fluid  from  the  hi 
is  accelerated  outwards  at  EG ;  and  thus  the  stream  will  be  a. 
tracted  at  E,  in  the  ratio  of  about  i>/2  to  1,  and  the  velocity 
creased  in  the  same  ratio. 

It  must  be  observed,  however,  that  the  particles  of  the  fli 
do  not  always  move  right  forward ;  but  near  the  edge  of  i 
hole,  often  in  spiral  lines.  For  no  body  can  instantly  chao 
its  course  in  an  angle,  but  must  do  it  gradually,  in  some  cui 
line. 

Cor.  4.  The  fluid  at  the  same  depth,  spouts  out  nearly  with 
same  velocity ,  vpwards,  downwardsy  sid^vays,  or  in  any  directi 
And  if  it  spout  vertically y  ascends  nearly  to  the  upper  surface  of 
fluid. 

Cor.  5.  The  velocities  of  the  fluid,  spouting  out  at  different  depi 
are  as  the  square  roots  of  the  depths. 

For  the  velocities  of  falling  bodies  are  as  the  square  roots  of  i 
heights. 

Cor.  6.  Hence y  j/**  =  16  ^^feet,  D  =  depth  of  the  vessel  to 
centre  of  the  hole^  F  Hi  area  of  the  hole,  all  in  feet,  t  ~  time 
seconds  ;  then  the  quantity  of  water  running  out  in  the  time  t, 

this  Prop,  will  be  t¥^2Ds  feet,  or  6.12StF^iDs  ale  gaUom. 

Scholium. — ^There  are  several  irregularities  in  spouting  flui( 
arising  from  the  resistance  of  the  air,  the  friction  of  the  tubes,  i 
bigness  and  shape  of  the  vessel,  or  of  the  hole,  &c.  A  fli 
spouts  fadflliest  ^i«ugb  r  thin  piste ;  if  it  spout  throu^fh  a  tube 
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PROP.  XCVIII.  (Fig.  8.  PL  XIII.) 
If  a  notch  or  sut,  fgki,  is  form  of  a  parallelogram,  bb 

CUT  OUT  of  the  side  OF  A  VESSEL  FULL  OF  WATER,  ADE, 
THE  QUAKTITT  OF  WATER  FLOWING  OUT  OF  IT,  WILL  BE  TWO- 
THIRDS  THE  QUANTITY  FLOWING  OUT  OF  AN  EQUAL  ORIFICE, 
PLACED  AT  THE  WHOLE  DEPTH  gi,  OR  AT  THE  BASE  Ai,  IN  THE 
SAME  TIME  ;  THE  VESSEL  BEING  SUPPOSED  TO  BE  ALWAYS 
KEPT  FULL. 

For^  draw  the  parabola  goh^  whose  axis  is  ^ i,  and  base  Ai,  and 
ordinate  ro;  then,  since  the  velocity  of  the  fluid  at  any  place  r,  in 
as  i^/^  (by  Cor.  5.  of  the  last  Prop.)  that  is,  (by  the  nature  of  the 
paralK>la)  as  the  ordinate  ro;  therefore  ro  will  represent  the  quan- 
tity discharged  at  the  depth  or  section  m.  Also  At  wiU  represent 
the  quantity  discharged  at  the  depth  or  base  At.  Conseauentlv 
the  sum  of  all  the  orainates  ro,  or  the  area  of  the  parabola,  will 
represent  the  quantity  discharged  at  all  the  place;*  m.  And  the 
sum  of  all  the  lines  Ai  or  m,  or  the  area  of  the  parallelogram 
/My  will  represent  the  quantity  discharged  by  all  the  sections  m, 
placed  as  low  as  the  base  Ai.  But  the  parabola  is  to  the  parallel- 
ogram, as  I  to  1. 

Cor.l.  Let  iZZie  {^Jeet.  gi^  the  depth  of  the  iUi.  F 

:z  area  oftlie  tlityfhig.  Then  the  quantitjf  jUncmg  out  in  any  time 
or  number  of  tecondt  f ,  it  =  |  <F  2D#. 

This  follows  from  Cor.  6.  of  the  last  Prop. 

Car.  2.  The  quantity  of  fluid  discharged  through  the  hole  mhi, 
i$  to  the  quantity  which  tootUd  be  discharged  through  an  equal  hole 
placed  as  uw  as  hi,  as  t/ie  parabolic  segment  rohi,  to  the  rectangle 
rnhi. 

This  appears  from  the  reasoning  in  this  proposition. 
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THE  RESISTANCE  OF  FLUIDS,  THEIR  FORCES 
AND  ACTIONS  UPON  BODIES  ;  THE  MOTION 
OF  SHIPS,  AND  POSITION  OF  THEIR  SAILS. 


PROP.  XCIX, 


A  BODY  DESCENDING  IN  A  FLUID,  ADDS  A  QUANTITT  OF  WEIGB^ 
TO  TITE:  VLVtHf  £QUAli  TO  TBC  ItEStSTANCE  IT  MEETS  WITH  IH 
FALLING. 

For  the  resistance  is  equal  to  the  gravity  lost  by  the  hody* 
Andj  because  action  and  re-actioa  arc  equal  and  contrary,  the 
gravity  lost  by  tlie  body  is  equal  to  tKat  gained  by  the  ftuid* 
Ttverefoi'Cj  the  resistaoce  is  equal  to  the  gravity  gained  by  the 
fluid. 

Q)r.  1.  If  a  hodif  ascends  maflitid^  it  dimimshes  the  gravity  of 
thefiuidf  b^a  gmntit^  equal  to  the  resistance  it  meets  with. 

Cor,  2*  Thi$  increfite  of  weight  tirising  ^from  the  resistaneej  is 
over  ami  above  the  additiotud  ^^ieigkt  mentioned  in  Cor,  1  ^  Ftop^ 
LXXXV. 

Cor.  3.  If  a  hcterogeneoits  bod^  descend  in  a  fiuid;^  U  will  endco' 
vour  to  mot}e  with  ita  centre  of  gravity  foremost  j  leaving  the  centre 
of  gravity  of  as  much  of  the  jiuid^  befasid. 
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For  the  side  towards  the  centre  of  gravity  contains  more  mttr 
ter,  and  will  more  easily  make  its  way  throng^  the  fluid,  and  bt 

less  retarded  in  it. 

PROP.  C. 

If  ant  BODT   moves  THmOUOH   ▲  fluid,  the   mSSISTAIICB  IT 
VESTS  WITH,  18  AS  T^E  SQUABE  OF  ITS  VELOCITY. 

For  the  resistance  is  as  tiw  number  of  particles  struck^  and  *tfae 
velocity  widi  which  one  partide  is  struck.  But  the  nambtr  of 
particles  of  the  fluid  which  are  struck  in  any  time,  is  as  Uie  velo- 
city of  the  body.  Therefore  die  whole  resistance  is  as  the  square 
of  the  velocity. 

Car.  1/  rtfukmtes  of  similar  bodie$  maoimr  tf»  amfjimds^  art 
as  the  sgmrtsi  qf  Mftr  diameters^  ike  squares  of  &eir  veiidHes,  and 
tim  dennties  qf  tke  flmds. 

For  the  number  of  particles  struck  widi  the  same  veloeitv,  are 
as  the  squares  of  the  diameters,  and  the  densities  of  the  fluids. 

Cor.  2.  If  two  bodies  A,  B,  with  the  same  velocity^  meet  with 

the  resistances  p  and  q,  their  velocities  will  he     ^  and   

when  they  meet  totth  equal  resistances. 

For  let  (be  the  common  velocity,  then  plbb  l\  q  *  ^  ,  and 

P 

bk/  l^rz  velocity  of  A  to  have  the  resistance  q ;  and  since  6  zz 

P 

velocity  of  B  to  have  the  same  resistance  q ;  therefore  vdoaty  A 

:veiocityB::6V-?- 4-- 

P  '^P         ^9  ■  n 

PROP.  CI. 

TtfE  CENTRE  OF  BESISTANCE  OF  ANY  PLANE  MOVING  IXIRECTLY 
•  FORWARD  IN  A  FLUID,  IS  THE  SAME  AS  THE  CENTRE  OF  0RAr- 
v'lTY. 

The  centre  of  resbtance  is  that  point,  to  which,  if  a  contrary 
force  be  applied,  it  shall  just  sustain  the  resistance. 

Now^^the  resistance  is  equal  upon  all  equal  parts  of  the  plape^ 
and,  therefore,  the  resistance  acts  upon  the  plane  after  the  same 
manner,  and  with  the  same  force,  as  gravi^  does ;  therefore  the 
centre  of  both  the  resistance  and  gravity  must  be  the  same. 

Cor.  1.  In  am  body  moving  throtigh  a  fiiM,  the  line  of  direction 
of  its  motion  will  pass  through  the  centre  qf  resistance,  and  centre  qf 
gravify  qf  the  body. 

For,  if  it  do  not,  the  forces  arising  from  the  weight  anir  icaist- 
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ance,  will  not  balance  one  another,  which  will  cause  the  bod} 
librate  or  oscillate  in  the  fluid ;  till,  by  degrees,  the  situation 
these  two  centres  will  fall  into  the  line  of  their  motion. 

Cor.  2.  And,  for  the  same  reason,  if  a  ghhe,  moving  in  a  fix 
(fsdUates  or  turns  round  its  axis ;  thut  side,  whicJi  in  osciluU 
moves  against  the  fluid,  suffers  a  greater  force  or  resistance ;  . 
therefore  the  body  is  driven  from  that  part,  and  made  to  recede  fi 
that  side,  and  deflect  to  the  other  side  ;  and,  perhaps,  describe  a  cu 
line  in  the  fluid, 

PROP.  CU.         9.  P/.  XIII.) 

If  a  non-ten acious  fluid,  such  as  the  wind,  &c.,  mc 
against  the  sail  sa,  or  any  plane  surface,  in  directi 
ws,  it  shall  urge  it  in  a  direction  wa  perpendicui 
to  that  surface,  with  a  force,  which  is  as  the  square 
the  velocity,  the  square  of  the  sine  of  the  angle  of  : 
.  cidence,  the  magnitude  of  the  sail,  and  the  density 
the  fluid. 

Draw  WA,  and  AC  perpendicular  to  SA,  and  S  W ;  and 
fonie  of  the  fluid  upon  SA,  is  as  the  force  of  one  particle,  and 
number  of  them  falling  on  SA. 

•  But  (by  Cor.  l.  Prop.  IX.)  the  force  of  one  particle  is  as 
velocity  x  'S.  incidence  WSA. 

And  the  number  of  them  (supposing  the  density  to  be  given] 
as  their  velocity  X  CA,  or  (supposing  the  sail  SA  given)  as  '\ 
velocity  X  S.WSA. 

Therefore,  the  force  of  the  fluid  upon  the  sail  SA,  is  as  i 
square  of  the  velocity,  and  the  square  of  the  sine  of  WSA. 

Increase  the  density  of  the  fluid,  and  the  magnitude  of  the  Si 
in  ciriy  rutifi,  nnfl  it     ^'vid^!nt.  tiif^  force  of  the  flitiri  fijrninst  i 
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Cer,  3.  The  fine  of  a  fvid  m  J&reet«m  WS^  to  move  themiior 
beefy  SA' m  the  mme  Sreetum  WS ;  ti  {ceteris  paribut)  as  the  cube 
of  the  sine  of  incidence  WSA. 

For  then  WSB  will  he  one  continued  straight  line. 

Cor,  4.  Bui  the  force  of  a  given  Stream  of  a  Jiuidj  apunst 
saU  SA,  to  move  it  perpendicuiar  to  its  surface^  is  simpfy  as  the  S. 
angle  of  incidence  ;  hut  to  move  it  in  the  same  direction  with  it* 
seff'y  as  the  square  of  the  S.  incidence,  all  things  else  remaining  the 
same. 

This  follows  from  Cor.  1 .  Prop.  IX.  and  Cor.  2.  of  this. 

Scholium.  I. — ^If  the  angle  WSB  he  given,  the  fluid  will  ha?e 
the  greatest  force  possible  against  the  muI,  to  more  it  in  direction 
SB;  when  its  position  is  such,  that  the  sine  of  the  di£fereiioe  of 
the  angles  WSA— ASB,  may  he  i  the  sine  of  the  sum  WSB. 

Scholium  II^JP^.  9.  Fl,  XIII.)  If  the  fluid  he  tenacious  it 
will  urge  the  hody  in  the  same  direction  with  itself,  and  with  a 
force  which  is  as  the  sine  of  incidence ;  or  universally,  as  the  sine 
of  incidence,  the  square  of  tlie  velocity,  the  magnitude  of  die 
sail,  and  density  of  the  fluid. 

For,  hy  reason  of  the  tenaci^  of  the  fluid,  the  sail  is  acted  on 
hy  hoUi  me  forces  WA,  AS,  which  are  equivalent  to  WS. 

PROP.  era.   (JF^.ll.  P/.XIII.) 
If  a  vert  thin  and  light  body  SA.,  plain  on  both  sides,  be 

PLACED  IN  A  VERT  DENSE  FLUID,  WHICH  MOVES  IN  DIRECTION 
WS,  AND  THE  BODY  CAN  MAKE  LITTLE  OR  NO  WAY  THROUGH 
THE  FLUID,  BUT  ONLY  IN  THE  DIRECTION  OF  ITS  LENGTH  SA. 
And  IF  THE  BODY  BE  OBLIGED  TO  MOVE  PARALLEL  TO  ITSELF 
IN  A  GIVEN  DIRECTION  SD;  I  SAY,  THE  BODY  WILL  BE  SO 
MOVED  IN  THE  FLUID,  THAT  ITS  ABSOLUTE  VELOCITY  WILL  BE 

S  WSA 

ZZ—  _  X  VELOCITY  OF  THE  FLUID. 

SASD 

Draw  DT  parallel  to  AS,  and  produce  WS  to  T.  Then,  whilst 
a  part  of  the  fluid  moves,  from  S  to  T,  the  hody  will  he  moved 
into  the  line  TD ;  and  since  SD  is  the  direction  of  its  motion,  the 

Soint  S  will  be  found  in  D.    And,  therefore,  the  velocities  of  the 
uid,  and  of  the  body,  will  be  as  ST  to  SD ;  that  is,  as  S.TDS  or 
DSA,  to  S.STD  or  WSA. 

Cor,  1.  If  WS  the  dirisction  of  the  Jluid,  is  perpendicular  to  SD 
the  directum  of  the  bo(fy,  then  the  vd^cUy  of  the  body  SXtoillbe^ 
tangent,  WSA  X  velocity  of  the  fluid. 
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For  ^'^^^^  =  5:^^  =  tan.  WSA,  radius  being  = 
S.ASD  cM.WSA 

Cor.  2.  And  fience,  if  the  body  SA  continually  turn  round  an  i 
parallel  to  WS,  then  the  velocity  ofSA,  in  direction  perpendtculai 
WS,  will  be  as  the  tangent  WSA  x  velocity  of  the  fluuL 

For  SA,  in  this  case,  will  always  have  the  same  position  to 
direction  of  the  fluid,  as  before. 

Cor.  3.  (Fig.  12.  PI.  XIII.)  If  a  very  tlun  body  SA  be  obli^ 
to  move  parallel  to  itself,  through  a  very  dense  fluid  at  re^t ;  am 
it  be  drawn  with  a  given  velocity  in  direction  always  parallel  to 
its  absolute  velocity  in  the  flutd,  will  be  reciprocalfy  at  the  an 
WSA,  and  in  direction  SA. 

Draw  AC  perpendicular  to  SW.  Then,  by  reason  of  the  di 
sity  and  resistance  of  the  fluid,  the  body  will  not  be  able  to  mc 
laterally,  but  only  in  direction  SA.  But  the  velocities  of  1 
point  S  in  directions  SW,  SA  are  as  SC  to  SA,  or  as  cosine  CS 

to  radius.  Therefoiie  velocity  in  direction  SA  =:  X  ^ 

^  COS.  CSA 

locity  in  direction  SW. 


PROP.  CIV.  {Fig.  13.  P/.XIII.) 
If  a  plane  surface  SA,  moving  parallel  to  itself,  wr 

VELOCITY  AND  DIRECTION  SD,  BE  ACTED  UPON  BY  ▲  FLU 
MOVING  WITH  VELOCITY  AND  DIRECTION  WS ;  AND  IP  "VS 
BE  DRAWN  PARALLEL  AND  EQUAL  TO  SD,  AND  FS  DRAWN  ; 
SAY,  THE  FLUID  ACTS  UPON  THE  PLANE  IN  THE  ANGLE  FS- 

wrjii"  nir  jin  veivt:  vt  [.oi nv  FS. 
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SD,  with  the  greatest  fino^  when  it  has  toch  a  position,  that  the 
sine  of  the  diflbiencie  of  the  aogleiy  FSA  —  ASD,  may  be  |  the 
sine  of  the  angle  FSD. 

And  when  th*  angie  WSA  is  giren,  the  fluid  will  hare  the 
gveatest  force  npM  tu  sail  SA,  to  moTe  it  in  direction  SD,  when 

theS.  ans^eASDisequalto^  X  I^S.ofWSA. 

PROP.  CV.  (%.  14.  P/.  xm.) 
Let  SA  be  the  sail  op  a  staip,  SD  the  position  op  her  keel; 

SK,  DK  PERPENDICULAR  TO  SA,  SD  ;  AND  IP  D£,  DS  BE  AS 
THE  RESISTANCES  TtlE  SKIP  HAS  AHEAD  AND  ASIDE,  WITH 
EQUAL  VELOCITIES ;  AND  IP  DC  IS  A  MEAN  PROPORTIONAL 
BETWEEN  D£  AND  DK;  THEN,  SC  WILL  BE  THE  WAT  OF  THE 
SHIP  -N^RLT. 

For,  let  SK  perpendicular  to  SA  represent  the  force  of  the  wind 
upon  the  sail. ;  the  force  SK  is  resoWed  into  die  forces  SD,  DK ; 
SD  is  the  direct  force,  and  DK  the  force  producing  her  iee-way. 
By  Prop.  C.  her  resistance  ahead  with  velocity  SD  *  resistance 
ahead  with  velodbr  D£  t :  SD*  :  D£*,  and  resistance  ahead  with 
velocity  D£  :  resistance  aside  with  velocity  D£  : :  D£  :  SD> 
and  resistance  aside  with  velodty  D£ ;  resistance  aside  witlr 
velocity  DC.::  DE*  :  DC«. 

Therefore)^  ex  equo,  resistance  ahead  with  velocity  SD  :  resist- 
ance aside  with  velocity  DC  : :  SD«  X  DE»  :  DE«  X  SD  x 

DC« ::  SD  X  DE:  dc«. 

But  the  resistances  are  as  the  forces  producing  them,  therefore 

SD : DK  ::  sd  x  de :  dc«=:  de  x  dk. 

Cor.  1.  Let  r  r=  shij/s  resistance  ahead,  R  —  ship^s  resistance 
asldcy  with  the  same  velocity,  then  R  I  r ',1  radius  X  cotangent 
ASD  :  tmfgent  square  of  15SC,  the  leeway. 

For,  let  radius  =  1.  tangent  DSK  =  t.   Then  1  ;  t  : :  SD  ; 
DK  =  ^  X  SD ;  and  SD  :  DC  or  VDKxDKor  V^XSOxDE 
::  1  :  tangent  DSC  =  ^^—^ 

Cor,  2.  Hence,  the  tangent  of  the  lee-way,  in  the  same  ship,  is  -as 
the  square  root  of  the  cotangent  of  the  angle  ASD,  which  the  sail 
makes  with  the  keel.  Therefore,  if  the  ite-\oay  he  knoum  for  my 
position  of  the  sail,  it  wiU  be  known  for  all. 

Scholium ^The  lee-way  of  a  ship  is  generally  somediing 
more  than  is  here  assigned;  because  her  hull  and  rigging  will 
make  her  drive  a  litde  to  the  leeward,  directly  from  the  wind. 
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PROP.  CVI.    {Fig,  1.  PL  XIV.) 
If  the  wind  with  a  given  velocity,  in  direction  WS,  fa 

ON  THE  SAIL  SA  OF  A  SHIP,  MAKING  LITTLE  OR  NO  LEE-WAY  ; 
WILL  URGE  THE  SHIP  IN  DIRECTION  OF  THE  KEEL  SD,  WITH 
FORCE,  WHICH  IS  AS  S.  WSA«  X  S.ASD. 

Draw  SO  perpendicular  to  SA,  and  CD  to  SD.  And  (by  Pn 
CII.)  the  force  acting  upon  the  sail  in  direction  SC,  is  as  I 
square  of  the  sine  of  WSA.  But  the  forces  in  directions  SC  a 
SD  are  as  SC  to  SD,  or  as  radius  1  to  the  sine  of  SCD  or  AS 
Therefore  the  force  in  direction  SD  =:  S.ASD  X  force  in  direct! 
SC  =  S.ASD  X  S.^WSA. 

Cor.  1.  The  force  acting  in  direction  DC  perpendicular  to 
keel,  is  as  S.WSA«  x  cosine  ASD. 

Cor.  2.  The  force  in  direction  SD  will  be  vniversally  as  S.WS 
X  S.ASD,  arid  the  square  of  the  velocity  of  the  wind,  and  mag 
tude  of'  the  sail. 

Cor.  3.  The  velocity  of  the  ship  in  direction  SD,  is  as  S.WSA 
VS.  ASD  X  vebcity  of  the  wind. 

For  the  square  of  the  velocity  of  the  ship  in  any  direction,  ij 
the  resistance  in  the  water,  or  (its  equal)  the  force  of  the  wi 
upon  the  sail  in  that  direction ;  that  is  (by  Cor.  2.)  as  S.WS 
X  S.  ASD,  and  the  square  of  the  velocity  of  the  wiod^  1 
density  and  sail  being  given. 
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PROP.  CVII. 

If  a  stbeam  of  abtt  fluid,  as  wateb,  flows  dieectlt  aoaimst 

AJIT  plane  surface,  ITS  FOBCE  AGAlJiSTTBAT  FLAME  IS  EQUAL 
TO  THE  WEIGHT  OF  A  COLUMN  OF  THE  FLUID,  WHOSE  BASE  IS 
THE  SECTION  OF  THE  STREAM;  AND  ITS  LENGTH  TWICE  TRB 
HEIGHT  DESCENDED  BT  A  FALLING  BODY,  TO  ACQUIRE  THEVB- 
LOCITT  OF  THE  FLUID. 

Lets  =  16  ^  feet,  the  height  descended  hyafUling  body  in  one 
second. 

v=  Telocity  of  the  fluid,  or  the  space  it  describes  in  one 
second. 

B  zz  base  of  the  cylinder  or  column  of  water. 
Tlien  2s  =:  velocity  generated  by  gravity  in  &lUng  through  s. 

Therefore,  (by  Cor.  1.  Prop.  XIV.) 

AalslZwl  —  =  height  fidlen  to  gain  the  velocity  v.  And 
4s 

^  =  twice  diat  height.  Also  ^   B  =;  a  cylinder  of  twice  that 

2s  2s  ' 

height. 

Now,  the  motion  which  the  cylinder's  weight  will  generate  in 

1  second,  is  2s  x  —  B,  or  wB ;  the  motion  being  as  the  body 
2s 

X  by  the  velocity.  And  the  force  of  the  fluid  against  the  plane, 
is  equal  to  the  resistance  of  the  plane.  And  the  motion  de- 
stroy in  1  second  by  the  resistance  of  the  plane,  is  v  X  Bv  or 
wB;  which  w^  also  the  motion  generated  by  the  weight  of  the 

cylinder  ^  B,  in  the  same  time.   But  equal  forces  in  the  same 

time  generate  or  destroy  equal  motions.   Therefore,  the  weight 

of  the  cylinder  ^  Bzz  force  of  the  fluid  against  the  plane. 
2s 

Cor.  1.  The  force  of  a  stream  of  water  against  any  plane,  is 
equal  to  the  weight  of  a  column  of  water,  whose  base  is  the  section  of 

the  stream,  and  height  ^  ;  or  the  height  of  the  water,  if  itjlow 
2s 

through  a  hole  at  the  bottom  of  a  reservoir. 
It  follows  from  this  Prop,  and  Prop.  XCVII.  Cor.  2. 

Cor.  2.  Moreover,  if  amf  peart  of  the  water  Ue  upon  the  plane, 
theforcewill  be  augmented  by  the  weight  of  so  muchwater. 

L 
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Cor,  3.  jHie  forces  of  different  streams  of  water  against  c 
planey  are  as  their  sections  and  the  squares  of  the  velocities. 

Cor,  A,  If  the  plane  be  also  in  motion^  the  relative  velocity 
the  water  against  the  plane,  must  he  taken  instead  of  the  ebtol 
velocity. 

Scholium. — A  cubic  foot  of  water  contains  6.128  ale  gallo 
and  weighs  62^  lb.  avoirdupois. 

The  density  of  water  to  that  of  air  at  a  mean  is  as  850  to 
Sir  Isaac  Newton  found  the  resistance  of  water  to  that  of  air  ( 
the  oscillations  of  a  pendulum)  to  be  as  446  to  1,  or  between  A 
and  478  to  1,  or  at  a  mean  as  460  to  1.  See  Scholium,  Pk 
XXXI.  Book  II.  Principia. 

LEMMA.  {Fig,  2.  PL  XIV.) 
If  the  quadrant  EDA  revolve  about  the  radius  CA,  a 

DESCRIBE  AN  HEMISPHERE  ;  AND  FROM  ALL  THE  POINTS  OF 
SURFACE,  AS  D,  d,  PERPENDICULARS  DB,  db,  BE  LET  FALL  UP 
THE  BASE  EC;  I  SAY^  THE  SUM  OF  ALL  THE  PERPENDICULi 
BD,  IN  THE  SURFACE  EDA^  IS  TO  THE  SUM  OF  AS  MANY  BA 
CD,A8lT0  2. 

For  take  "Dd  infinitely  small,  and  complete  the  square  CAB 
and  draw  CH,  also  draw  DFGR,  ^  parallel  to  EC.  By  i 
similar  triangles  CDF,  Bnd;  B¥  x  ud  zz  CD  X  nd;  also  I 
=  CF  =  FG. 

The  surface  of  the  spherical  annulus  DdfF  is  3.1416  X  21 
X  Drf  or  3.1416  X  2CD  x  ndy  that  is  (because  3.1416  x  2CD 
given)  as     or  Ff.   And  the  sum  of  all  the  BD^s  in  the  annul 

is  as  BD  X  by  its  surface^  ihat  is  as  BD  X       or  FC  x 
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der  ABf  whilst  it  mores  fbrwtrd,  pushes  agnnst  the  se? era!  parts 
of  the  fluid,  and  drives  them  sucoessiTely  before  it,  in  direction 
oi  its  axis,  from  nhe  several  places  through  which  it  passes ;  so 
that,  in  equal  times,  it  moves  equal  quantities  of  the  fluid,  and 
communicates  to  them  the  same  velocity  that  it  moves  with ;  it 
is  evident  that  the  cylinder,  after  it  has  moved  unifo  miy  for- 
ward, the  length  of  its  axis  has  removed  the  cylinder  of  the 
fluid  FBCG  equal  to  itself  ASBF,  and  has  communicated  a  mo- 
tion to  it  equal  to  its  own.  And  since  action  and  re-action  are 
equal,  the  force  that  uniformly  generated  this  motion,  is  equal  to 
the  uniform  resistance  the  cylinder  suffered  in  the  mean  time. 
And,  therefore,  the  resistance  is  equal  to  the  force  by  wliich  its 
own  motion  can  be  generated,  in  the  time  it  describes  its 
length. 

All  this  is  true,  upon  supposition  'that  every  particle  of  the 
fluid  is  driven  directly  forward,  with  the  same  velocity  the  cy- 
linder has.  But  since,  in  reality,  the  motion  generated  in  the 
fluid  is  not  directly  forward,  but  (by  Prop.  LXaX.)  diverges  on 
all  sides,  and  in  all  manner  of  directions  CD,  Cd,  &c.  Therefore, 
if  tfie  quadrant  A£  {Fig.  2.  PL  XIV.)  be  divided  into  an  infinite 
number  of  equal  parts,  Dd,  and  to  all  the  points  D,  d,  the  radii 
CD,  Cdy  &c.  be  drawn,  representing  the  motions  of  the  particles 
in  all  directions ;  and  from  any  one  D,  the  perpendicular  DB  be 
drawn  on  EC ;  then  the  motion  CD  (=CA)  is  resolved  into 
the  two  motions  CB,  BD ;  of  which  CB  does  not  affect  the 
cylind^ ;  and  the  direct  motion  of  the  particle  D  is  only  BD, 
which  is  less  than  CD.  Therefore  the  force  to  generate  this 
motion,  and,  consequently,  the  resistance  of  a  particle  at  D  (equal 
to  this  force)  must  be  less  than  before  in  proportion  of  CD  to  BD. 
Therefore  the  former  resistance,  when  all  the  particles  are  driven 
directly  forward,  to  the  resistance  when  they  diverge  on  all 
sides,  is  as  the  sum  of  all  the  radii  CD,  drawn  to  every  point  of 
die  surface  of  a  sphere,  to  the  sum  of  all  the  corresponding 
sines  BD;  that  is  (by  the  Lemma)  as  2  to  1.  Therefore  the  re- 
sistance the  cylinder  meets  with  now,  is  but  half  the  former 
resistance.  Consequently,  since  the  force  to  generate  any  motion 
is  reciprocally  as  Aie  time,  the  resistance  will  be  equal  to  the 
force  mat  can  generate  its  motion,  in  the  time  that  it  describes 
twice  its  length. 

Cor.  1.  (Fig.  3.  PI.  XIV.)  If  a  cylinder  mova  m  direction  of  Us 
axUj  m  a  fluid  ofthesame  dauity,  andwith  the  velocity  acquired  by 
fMng  tn  vacuo,  from  a  height  equal  to  its  leitgth,  it  meets  with  a 
resistance  equal  to  its  weight. 

For  the  force  th^  generates  its  motion,  in  the  time  of  its 
moving  twice  its  length  (or  of  felling  through  once  its  length,)  is 
its  gravity. 
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Cor.  2.  If  a  cylinder  moves  uniformly  forward  in  any  flvH 
resistance  is  to  the  force  by  which  its  whole  motion  may  he  generatt 
in  the  time  of  moving  twice  its  length,  as  the  density  of  the  fluid 
the  density  of  the  cylinder. 

For,  if  the  density  of  the  fluid  be  increased  in  any  ratio^  1 
retiftance  will  be  increased  in  the  same  ratio. 

Cor.  3.  The  resistance  of  a  cylinder  moving  in  amy  fluid,  if  eq. 
to  the  weight  of  a  cylinder  of  that  fluid,  of  the  same  base,  and 
length  equal  to  the  height  a  body  falls  in  vacuo,  to  acquire  its  ve 
city.    By  Cor.  1. 

Cor.  4.  Let  «  =:  16  i^feet,  B  =  base  of  the  cylinder,  v  = 
velocity,  or  the  space  described  in  one  second.    Then  its  resistanct 

—  weight  of  the  cylinder^  B,  of  the  fluid, 
4s 

Scholium. — If  the  cylinder  move  in  a  fluid  inclosed  in  a  yi 
sel^  instead  of  the  absolute  velocity,  the  relative  velocity  in  i 
fluid  must  be  taken,  in  order  to  find  the  resistance.  And  1 
sides,  if  the  vessel  be  narrow,  the  resistance  will  be  increased  xni 
or  less,  because  the  fluid,  being  confined  by  the  vessel,  cani 
then  diverge  in  all  directions.  And  if  it  be  so  confined^  that 
cannot  diverge  at  all,  but  is  obliged  to  move  directly  fbrwa 
the  resistance  then  will  be  double,  which  is  the  greatest  it  c 
possibly  have,  or  the  utmost  limit  of  its  resistance.  Also, 
comparing  the  last  Cor.  with  Cor.  1.  Prop.  CVII.  it  appei 
that  the  force  of  a  cylinder  of  water  against  a  plane,  is  doul 
the  resistance  an  equal  cylinder  would  meet  with,  moving 
water  with  the  same  velocity.  And  this  will  not  appear  stran] 
when  we  consider,  that,  in  the  first  case,  the  whole  motion  of  1 
water  is  destroyed  by  ihe  resistance  of  the  plane;  but,  in  1 
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The  sun  of  all  tiie  rr :  to  the  sum  of  all  the  jy,  in  the  anmihu 
Bk,iB9s2ex  X  rrl  to  2cr  XMyllrrxlyyx. 

And  sum  of  all  the  rr  :  stun  of  all  the  jry,  in  the  hemisphere,  is 
as  sum  mr  X  B6  :  sum  yyx  x  B6,  on  the  hase. 

Or  as  sum  of  rrx  x      :  sum  of  rr  —  xjt  x  '  X  B6. 

Or  as  the  sum  of  rrj?  x  Bb  :  sum  rrx  x  B6— sum  jt  x  in 
the  hase.   

•But  the  sum  of  all  the  X  x  B6  =  1  -f-  2+3+4,  &c.  to  rxl 
=  irr. 

*  And  sum  of  all  the  rrx  x  BA  =  fr*.  putting  B6=  1. 

•  Also  the  sum  of  all  the  x«  x  B6  =:'  l»+2*+3»+4»,  &c.  to  r* 
X  1  =  J  r*. 

Therefore  the  sum  of  all  the  rr  :  sum  of  all  the  5^,  in  the  hemis- 
phere,  is  as  )  r^  :  |     —  }  r%  or  as  )  to    that  u  as  2  to  1 . 

PROP.  CIX.   {Fig  4.  PI.  XIV.) 

If  ▲  GLOBE  MOVE  UNIFORMLY  FOBWARD  IN  A  COMPRESSED  INFI- 
MITS  FLUIB,  ITS  RESISTANCE  IS  TO  THE  FORCE  BY  WHICH  ITS 
WHOLE  MOTION  MAY  BE  DESTROYED  OR  GENERATED,  IN  THE 
TIME  OF  DESCRIBING  J  PARTS  OF  ITS  DIAMETER,  AS  THE  DEN- 
SITY OF  THE  FLUID,  TO  THE  DENSITY  OF  THE  GLOBE,  VERY 
NEARLY. 

Let  the  globe  move  in  the  direction  CA.  Draw  the  tangent 
DH,  and  BDG  parallel  to  CA,  and  GH  perpendicular  to  DH  ; 
and  let  GD  be  the  force  of  a  particle  of  the  fluid  against  the  base 
B,  in  direction  GD :  then  GH  will  be  the  force  acting  against  D, 
in  direction  DC.  And  this  force  is  to  the  force  in  direction 
QD  as  DC  to  DB.  Whence,  the  force  against  B,  is  to  the  force 
against  D,  in  direction  GD,  in '  a  ratio  compounded  of  GD  to 
GH,  and  DC  to  DB;  that  is,' as  DC*  to  DB*.  Therefore,  the 
force  of  all  the  particles  of  the  fluid  ag^nst  the  base,  is  to  their 
foiroe  against  the  convex  surface,  as  the  sum  of  all  the  DC*,  to 
the  sum  of  all  the  DB*  on  the  base ;  that  is,  (by  the  Lemma)  as  2 
to  i.  Therefore,  the  resistance  of  the  surface  of  the  sphere,  is 
but  half  the  resistance  of  the  base,  or  of  a  cylinder  of  the  same 
diameter. 

Now,  the  globe  is  to  the  circumscribing  cylinder  as  2  to  3 ;  and 
half  of  that  force  (which  can  destroy  all  the  motion  of  this  cylin- 
der, whilst  it  describes  2  diameters)  will  destroy  all  its  motion, 
whilst  it  describes  4  diameters.  And,  therefore,  the  same  force 
that  destroys  the  cylinder's  motion,  in  the  time  of  moving  4  di- 
ameters, will  destroy  the  globe's  motion  whilst  it  moves  |  of  this 


*  See  W«ar^*  Math.  Gnide,  FSut  V. 
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lengthy  or  |  of  its  own  diameter.  But  (py  Cor.  2.  Prop.  CVII 
half  the  resistance  of  the  cylinder,  that  is,  the  resistance  of  1 
globe,  is  to  this  force,  as  the  density  of  the  fluid  to  the  dens 
of  the  cylinder  or  globe. 

Cor.  1.  The  resistance  of  a  sphere  U  hut  half  the  resistance  ^ 
eyUnder,  of  the  same  diaffieter. 

Cor,  2.  The  resistance  of  a  globe  moving  in  any  Jiuidy  is  equal 
the  weight  of  a  cylinder  of  that  fhdd,  of  the  same  diameter;  and 
length  eqmi  to  half  the  height  y  throvgh  which  a  body  falls  in  vac 
to  acquire  the  velocity  of  the  globe.    By  Cor.  3.  Prop.  CVIII. 

Therefore,  ifszzid  ^jfeet,  viz  velocity  of  a  globe,  or  the  ^ 
it  moves  in  1  second,  D  :=  its  diameter;  then  its  resistance  is  eq\ 
to  the  weight  of  a  cylinder  of  the  fluid,  of  tlie  same  diameter  D,  < 

its  length         And  if  vzz.  ^  ^/-^^  il^  resistance  is  equal  to  \ 

H.s  3 
weight  of  an  equal  globe  of  the  fluid. 

Cor.  3.  The  greatest  velocity  a  globe  can  obtain,  by  descending 
a  fluid,  is  that  which  it  would  acquire  by  falling  in  vacuo,  throi 
a  space  that  is  to  ^  the  diameter ;  as  the  difference  between  \ 
density  of  the  globe  and  the  density  of  the  fluid,  is  to  the  dentOy 
the  fluid. 

For  let  G,  F  be  the  densities  of  the  globe  and  the  fluid,  D  1 
diameter  of  the  globe  ;  then,  since  a  globe  is  equal  to  a  cyli 
der  whose  height  is  |  D. ;   therefore  the  weight  of  the  gk 

zz  weight  of  a  cylinder  of  the  fluid,  whose  length  is  |  D  x 

F 

And  (by  Prop.  LXXXV.)  the  weight  of  the  globe  in  the  fluid  & 
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meeUmmy  will,  m  tme»  thai  are  recqtroealfy  m  the  fint  velodiietf 
describe  equal  ^oce^  and  Une  a  given  part    their  motiont. 

For  die  motion  lost,  in  deflGribiog  two  very  unall  equal  spaces, 
is  as  the  resutance  and  time ;  that  is,  (because  the  space  is  given,) 
as  the  s<juare  of  the  Telocity  directly  and  the  velocity  inversely; 
that  is,  directly  as  the'  velocity.  And  so,  in  describing  any  space, 
the  motion  lost  wiU  always  be  as  the  first  motion  ;  and  the  time 
reciprocally  as  die  first  velocity. 

Car.  5.  Two  homogeneout  globes,  moving  with  equal  velocities  in 
a  fiuidy  lose  equal  velodties  in  describing  gtaces  proportional  to  their 
diameters. 

For  the  velocity  lost  in  each,  by  describing  two  small  spaces 

Sroportional  to  the  diameters,  will  be  as  the  resistance  and  time 
irectly,  and  the  body  inversely;  that  is,  (because  the  resistance 
is  as  the  square  of  the  diameter,  and  the  time  as  the  diameter,)  as 
the  cube  of  the  diameter  directly,  and  the  cube  of  the  diameter  in- 
versely: therefore  the.  velocity  lost  is  equal  in  both.  And  the 
like  for  any  succeeding  correspondent  parts. 

Scholium. — ^The  resistance  of  fluids  is  of  three  kinds.  1. 
nadty  or  cohesion  of  the  parts  of  the  liquor,  which  is  the  force  by 
whidi  the  particles  of  the  fluid  stick  together,  and  causes  them 
not  to  separate  easily;  and  this  is  the  same  for  all  velocities.  2- 
Frtdion  or  attrition,  where  the  parts  of  the  fluid  do  not  slide 
freely  by  one  another;  and  this  is  as  the  velocity.  3.  Hie  density 
or  quantity  of  matter  to  be  removed ;  and  this  is  as  the  square  of 
the  velocity.  The  two  former  kinds  are  very  small  in  all  fluids, 
except  viscid  and  glutinous  ones;  and  upon  this  account  the 
foregoing  theory  regards  only  the  last  kind.  And  therefore  the 
resistance  there  described  is  the  very  least  the  body  can  possibly 
meet  virith.  But  since  all  fluids  have  some  small  degree  or  friction 
and  tenacity,  they  will  increase  the  resistance  a  little.  Also,  when 
the  velocity  is  very  great,  the  compression  of  the  fluid  ought  to 
be  so  too,  to  cau^e  £e  fluid  to  return  with  equal  ease  behind  the 
moving  body ;  and  when  this  does  not  happen,  the  resistance  is 
increased  upon  that  account.  For  a  fluid  yielding  to  a  projectile, 
does  not  recede  ad  infinitum ;  but,  with  a  circular  motion,  comes 
round  to  the  places  which  the  body  leaves.  Likewise,  when 
bodies  move  in  a  stagnant  fluid  near  the  sur&ce,  the  fluid  cannot 
dilate  itself  upwards,  to  give  way  to  the  moving  body ;  and  this 
will  considerably  increase  the  resistance.  Also,  if  a  body  moves 
in  a  fluid  inclosed  in  a  vessel,  the  relative  velocity  of  the  body  in 
the  fluid  must  be  esteemed  its  true  velocity.  But  the  resistance  it 
meets  vnth  will  be  increased,  because  the  fluid  has  not  liberty  to 
diverge  every  way.  And  the  straiter  the  vessel^  the  more  is  the 
resistance  increased;  and  it  may,  by  this  means,  be  increased  till 
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it  be  near  double ;  beyond  v^hmh  it  cannot  go.  For  all  tb&t  a 
body  can  do  is  to  drive  ihe  Huid  wholly  before  it,  without  any  di- 
verging. So  that  the  lea^t  resLStaoce  a  globe  caji  ha.^■e  is  the  ^ame 
as  is  bid  down  in  Cor,  2.  of  the  Isai  Pfop.  and  the  greatest  can 
never  exceed  the  double  of  it;  so  tiiat  it  will  always  be  betweea 
tbefse  limits.  If  tbt  fluid  in  which  the  body  moves  be  elastic  and 
spring  From  die  body,  the  resistance  will  be  greater  than  if  it  waa 
non-elastic.  But  these  irregularities  iire  not  considered  in  the 
foregoinsf  theory. 

There  are  some  bodies  that  may  be  reckoned  in  a  middle  stal* 
between  solids  and  fluid's.  And  in  some  of  diese  the  tenacity 
and  frjctiori  is  so  great,  as  in  many  cases  far  to  exceed  the  resist- 
ance arising  from  their  density  m\y.  For  example,  it  appears  by 
experiroi^ntsj,  that  if  a  bard  body  be  suspended  at  several  heights, 
and  be  let  fkli  upon  any  soft  substance,  iiuch  as  tallow^  so  A  cby, 
wax,  snow^StCt  it  will  make  pits  or  impression?,  which  are  as  lUa 
heights  fallen,  that  is  as  the  squares  of  the  velodl^es.  Likewise, 
nails  give  way  to  a  hammer  in  a  ratio  which  is  as  the  squafe  of 
the  velocity.  Comparing  this  with  SchoU  Prop.  XIV.  it  ap- 
pear* that,  in  these  cases,  the  resistance  b  the  same  for  all  velo- 
cities :  which  argues  a  very  ^at  degree  of  tenacity.  Again,  bodies 
projected  into  eardi  mixed  wiih  stones  ;  the  impressions  are  found 
to  be  between  the  simple  and  dnplicate  ratio  of  the  vebciries* 
Therefore^  in  this  case,  the  resistance  is  in  a  less  ratio  than  the 
simple  ratio  of  the  velocity ;  and,  therefore,  these  sort  of  bodiei 
have  budi  friction  and  tenacity.  And,  in  different  sorts  of  bodie^s^ 
there  i*  great  diQercnce  and  variety  in  their  nature  and  consti  tutioiu 

.  Ttmfity  may  be  compared  to  the  force  of  gravity,  which 
always  the  same  ;  with  this  difference,  that  tenacity  acts  alwa, 
contrary  to  the  motion  of  die  body,  and  when  the  hody  i,i  at  res 
tt  h  nothing,  AttrUimi  may  be  compared  to  the  motion  of  a  bod 
striking  always  a  given  number  of  particles  of  matter  in  a  give 
time  J  with  any  velocity ;  and,  therefore,  the  resistance  of  such 
body  will  be  as  the  velocity. 


SECTION  ELEVENTH. 


METHODS  OF  COMMUNICATING,  DIRECTING, 
AND  REGULATING  ANY  MOTION  IN  THE 
PRACTICE  OF  MECHANICS. 


PROP.  ex. 

To  COMMUNICATE  MOTION  FROM  ONE  BODY  TO  ANOTHER,  OR  FROM 
ONE  PLACE  TO  ANOTHER. 

1.  {Fig,  5.  PL  XIV.)  the  easiest  and  simplest  method  of 
communicatiDg  motion  from  one  thing  A  to  another  is 
by  a  rope  or  a  lever  AB,  reaching  between  the  two  places,  or 
things. 

2.  (F^.  6.  PL  XIV.)  Motion  is  communicated  from  one 
wheel  or  roller  DC  to  another  AB,  by  a  perpetual  or  endless 
rope  AJBCD,  going  once,  or  oflener,  about  them ;  or,  if  you  will, 
by  a  chain;  That  the  rope  slip  not,  make  knots  on  it,  and  channels 
in  the  Vrheels,  if  necessary. 

3.  {Fig.  7.  PL  XIV.)  Motion  is  communicated  from  one  wheel 
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ABC,  to  another  DEF ;  by  tJie  teeth  in  the  two  wlieels  working 
tt^ether.  Or  thus,  {Fig.  8.  PL  XIV*)  where  the  axis  of  A  haritif 
bat  one  tooth ;  one  revolutioa  of  it  a.nswers  lo  the  motion  of  ooly 
one  tooth  in  B. 

4.  (Fig,  9.  PL  XIV.)  Motion  is  communicated  from  one  plitcfl 
to  another,  by  one  or  more  beams  or  levers,  MB^  BC,  CE,  EF, 
FHj  Stc.,  moveable  about  the  centres  A,  B,  C,  D,  E,  F,  G ;  of 
which  Aj  D,  G,  &c,  are  fixed.  Here,  if  die  point  M  be  moved, 
the  point  H  will  be  mored ;  for  MBj  BC,  CE,  kc.  all  move  one 
another  to  the  iaat^  FH. 

5.  {Fig.  10,  PL  XIV.)  Motion  may  also  be  oommunicated 
from  A  to  B,  by  a  pioion  at  Aj  and  a  siraight  ruler  with  t^jelh, 
which  bite  one  another. 

PROP.  CXI, 

By  kelp  or  onx  uifiFoaM  motion  given,  to  paonrcE  ^nothejIj 

EJTKER  UNIFORM  OE  ACCELERATED* 

1.  A  uniform  motion  is  produced  in  the  wheel  DEF,  C-^- 
7*  PL  XIV.)  by  moving  the  wheel  ABC  uniformly,  which  cani 
It.    Also  a  uniform  motion  is  produced  in  wheels  moving' 
cords,  ad  AB,  CD  ;  (Fig.  6.  PL  XIV.)  for  one  being  mo 
uiuformiy,  moves  tlie  other  uho  unifbrmly* 

2.  The  wheel  BF  {Fig.  11.  P/.  XIV,)  may  be  made  to  mo 
uniformly  about  the  centre  C,  by  the  motion  of  the  wheel  BD 
On  the  hiise  BF  with  the  generating  circle  BD,  describe  the  epi . 
cycloid  a  I  tooth  BE.    Then  the  poiiit  B  of  ihe  wheel  AB,  moving^ 
uniformly  about  tlie  centre  A,  and  passing  over  tlie  tooth  BF 
will  move  the  wheel  BF  uuifonnly  about  C.    Here  the  actin 
tooth  AB  ought  lo  be  mi^de  crooked  m  At,  that  it  touch  not  t* 
end  E,  of  die  tooth  BE,  if  it  act  on  the  concave  side.    Or  else  th# 
plane  of  die  wheel  BD  must  be  raised  above  the  plane  of  BF, 
and  a  tooth  made  at  B  to  bend  down  perpendicular  to  the  pi 
of  the  wheel,  as  AG,  to  catch  the  tooth  BE. 

3.  The  lever  AB  (Fig,  1.  PL  XV.)  may  be  made  to  move  up 
and  down  with  either  a  uniform  or  accelerated  motion,  after  this 
manner.  Let  AE  be  a  wheel  whose  axis  is  parallel  to  the  I  ever, 
and  directly  above  it.  Take  any  arch  N4,  and  divide  it  into  any 
number  of  equal  parts  at  1,  2,  3,  &c.  through  which  from  the 
centre  O,  draw  Ofit,  Ob,  Or,  O^^ ;  and  make  1^,  2b,  3c,  4rf,  &c» 
respectively  equal  to  1,  2,  3,  4  equal  parts.  And  through  the 
pomts  N,  &c.  draw  the  curve  NoW.  Then  the  part  NdF 
being  made  of  solid  wood,  and  fixed  to  the  wheel  i  aad  me  wheel 
being  turned  uniformly  about,  in  die  order  EN  A ;  the  part  NP 
will  give  a  uniform  motton  to  the  lever  AB,  about  die  centre 
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motkm  C.  And  yoa  may  fix  as  many  of  theta  tetdi  to  tha  whaal 

as  you  will. 

AgaiD,  in  the  tooth  AD,  if  Al,  12,  28»  ko.  be  taken  cqoal, 
and  to,  tbf  3c,  4df  he  taken  equal  to  1,  4,  9,  Id,  &c.  equal 
paits;  and  ti^  eunre  AoM  be  drawn,  and  the  tooth  formed ; 
then  the  lever  will  be  moTed  widi  a  uniformly  accelerated 
motion. 

The  accelerated  motion  is  proper  for  lifting  a  given  weight  at 
die  end  B,  as  a  hammer  ;  or  for  working  a  pump,  by  a  chain  go* 
ing  over  the  end  B. 

4.  The  lever  AB  (1^2.  PL  XV.)  may  also  be  moved  thus, 
by  help  of  a  madiine  GFD,  moving  uniformly  along  GD.  Make 
III,  IF  right  lines ;  and  make  as  many  such  teeth  as  you  will ; 
and  these  will  give  a  uniform  motion  to  the  lever. 

Make  the  curves  £F£  all  parabolas,  equal  and  equi-distant, 
whose  vertices  are  at  F,  and  their  bases  meet  at  £,  and  diese 
vnll  make  the  lever  rise  and  &11  with  an  accelerated  motion. 
Snch  parabolic  teeUi  as  these  may  be  placed  on  a  wheel,  whose 
axis  is  perpendicular  to  the  horizon. 

5.  One  wheel  may  move  another  vrith  an  accelerative  motion 
Uma.  On  the  drde  or  wheel  EF,  (Fig.  3.  PL  XV.)  take  Eo,  'ab, 
hCf  &c.  equal  to  each  other.  And  on  the  edge  of  the  wheel  BD 
take  Bl,  a  very  small  part,  and  13,  35,  57,  &c.  3,5,7,&c.  times 
Bl,  suppose  the  plane  of  the  wheel  EF  to  be  extended  as  far  as  the 
marks  1,  3,  5,  7,  &c.;  then  turn  the  wheel  EF,  till  E  fidl  on 
a;  iStken  msurk  the  point  1  on  the  plane  of  the  wheel  EF ;  then 
turn  EF  till  E  comes  to  b,  and  mark  the  point  3  on  the  plane 
Off  die  wheel  EF.  Likewise,  let  £  come  to  c,  d,  &c.,  and 
mark  the  points  5,  7,  &c.,  on  the  plane  of  the  wheel  EF ;  then 
El  3  5  7  r  is  the  figure  of  the  tooth  of  the  wheel  EF,  which 
being  imiformly  moved,  will  move  DB  with  an  accelerative 
motion. 

PROP.  CXIL 

To  CHANGE  THE  DIRECTION  OF  ANY  MOTION. 

'  1.  The  direction  of  any  motion  may  be  changed  by  the  lever 
of  the  first  kind,  for  the  two  ends  have  opposite  motions.  Like- 
vnse,  a  bended  lever  will  change  the  direction  to  any  other  direc- 
tion, (as  Fig.  4.  PL  XV.)  . 

3.  The  direction  of  motion  may  be  clianged  by  the  help  of 
pulleys,  with  a  rope  Koing  over  them.  Thus,  th*^  direction  AB 
{Fig,  5.  PL  XV.)  is  changed  successively  into  the  directions  BC, 
CD,  DE,  EF,  FG. 

3.  The  dimotion  may  be  changed  by  wheels,  whose  axles  are 
perpendicular  to  one  another.   Thus,  the  direction  AB,  (Fig.  6. 
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PL  XV ~)  is  changed  into  the  direction  EF,  by  the  whcei  C, 
working  in  the  crowD  n'heel  D, 

4.  The  direction  may  be  chart^ed,  by  making  the  latithoni  B» 
{Fig.  7.  PL  XV*)  inclined  in  any  given  anglCj  to  be  moved  by 
the  cogs  of  the  wheel  A.  Here,  the  rungs  at  F,  where  tbey 
work»  must  be  parallel  to  the  plane  of  the  wheel  A,  or  perpendi- 
cular to  the  cogs.  The  same  thing  may  be  done  by  whe^  with 
teeth,  as  C,D.   (Fig.  I.  PL  KVL) 

In  both  cases,  the  axles  of  tiie  two  wheels  must  be  m  w 
plane. 
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PROP.  cxm. 

To  REGULATE  ANT  MOTION,  OB  TO  MAKE  IT  UNITOAM.' 

1.  Any  motion  is  made  uniform,  by  the  help  of  a  pendulum 
AB,  {Fig.  3,  FL  XVI.)  suspended  at  A  and  vibrating.  As  llM 
pendulum  vibrates,  it  causes  CDE  lo  vibrate  abo,  about  the  aw 
DE.  The  weight  I  carries  the  wheel  R,  and  R  moves  LF,  Now, 
whibt  the  pendulum  vibrates  towards  M,  a  looth  of  tlie  wheel 
OF  goes  off  the  pall  at  F,  and  another  catches  tlie  pallat  II ;  and 
when  the  pendulum  returns  towajxls  N,  it  draws  the  pallat  fl  off 
the  tooth,  and  another  catches  the  pallat  I;  and  so  on,  aiternateJy. 
So  that,  at  every  vibration  of  the  pendulum,  a  tooth  goes  off  om 

or  other  of  the  paUats.  .^^1 

2.  A  uniform  motion  is  edected  by  tlie  pendulum  CP,  {Pig*  ^^^1 
PL  XVI.)  vibrating  m  tlie  arch  NM  about  the  centre  of  Tnoiio^^ 
C.  As  the  pendulum  vibrates,  it  causes  the  piece  ADE  to  vibrate 
alotig  with  it  abovit  die  axis  of  motion  DE.    By  this  motion,  tlie 
leaf  a  catches  hold  of  a  tooth  of  the  horizontal  wheel  GF,  in  its 
going,  and  tlie  leaf  b  of  another  toothy  in  jretunitag.    A  wheel 
with  a  weight  is  applied  to  the  piuion  L,  to  keep  the  pendub 
going. 

3.  A  pendulum  tnay  also  be  applied  thus,  for  the  same  purpos< 
FG  (Fig.  4.  FL  XVI.)  is  a  thick  wheel,  or  rather  a  double  wbecs^^ 
whose  axis  is  parallel  to  the  horizon.    ti¥  a  pendulum  vibrating 
upon  the  axis  DE,  which  is  psuallel  to  the  planes  of  the  wheel 
FG;  anb  two  wings  perpendicular  to  DE,  and  to  nP  ■  1,  1, 
pins  in  the  rim  G ;  and  2,  2,  3,  pins  in  the  rim  F.    These  pi^^| 
are  in  the  planer  of  the  wheel,  but  not  perpendicular  to  the  ci^^^ 
cumferencej  but  inclined  in  an  angle  of  about  45  degrees,  and 
the  pins  in  one  end  are  against  the  spaces  in  the  other ;  ah  is  pa- 
rallel to  the  axis  of  the  wheel  FG,  but  neither  in  the  same  hori- 
zontal  OT  perpendicular  plane,  but  almost  the  radius  of  the  wheel 
below,  and  something  more  forward »    Whilst  the  pendulum  ~" 
vibrates  in  the  arch  MN,  about  the  axis  DE,  the  wing  a  catcbo 
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hold  ef  a  tooth  in  the  end  and,  when  it  returns,  the  wing  b 
catches  hold  of  a  tooth  in  the  end  G.  Thus,  the  pins  acting  alter- 
nately a^inst  the  wings,  a,  b,  keep  the  pendulum  going,  by  help 
of  the  weight  W. 

4.  A  steady  motion  is  continued  by  applying  the  hea^  wheel 
ABC,  (Fig.  5.  PL  XVI.)  to  the  machine ;  or  the  cross  bar  DE 
(1%.  7.  PL  XVI.)  loaded  with  two  equal  weighu  at  D  and  £ ; 
or  a  cylinder  of  some  heavy  matter  may  be  apolied,  being  made 
to  revolre  about  its  axis.  By  these  the  force  ot  the  power,  whidi 
would  be  lost,  is  kept  in  the  wheel,  and  is  equally  distributed  in 
aU  parts  of  the  revolution.  Such  a  wheel  is  of  great  use  in  such 
madunes  as  act  with  unegual  force  at  different  times,  or  in  dif- 
ferent parts  of  a  revolution.  For,  by  its  weight,  it  constantly  goes 
on  at  the  same  rate,  and  makes  the  motion  uniform,  and  every 
where  equal.  By  reason  of  its  weight,  a  little  variation  of  force 
will  not  seiisibly  alter  its  motion ;  and  its  friction,  and  the  resist- 
ance of  the  air  will  hinder  it  from  accelerating.  If  the  machine 
slackens  its  motion,  it  will  help  it  forward;  if  it  tends  to  move  too 
&8t,  it  will  keep  it  back. 

Every  such  regulating  wheel  oug^t  to  be  fixed  upon  that  axis, 
where  die  motion  is  swiftest;  and  ought  to  be  the  heavier,  the 
slower  it  is  designed  to  move;  and  the  lighter,  the  swifter  the 
motion  is.  And,  in  all  cases,  the  centre  of  motion  must  be  in  the 
centre  of  gravity  of  the  wheel.  And  the  axis  may  be  placed  pa* 
rallel  to  the  horizon,  as  well  as  perpendicular  to  it. 

If  the  machine  be  large,  and  the  axis  of  the  heavy  wheel  be 
perpendicular  to  the  horizon,  the  heavy  wheel  may  be  made  to 
roll  on  the  ground,  round  that  axis,  by  putting  the  wheel  upon 
another  axis  fixed  in  the  former  at  right  angles  to  it,  and  thus  the 
weight  is  taken  off  the  first  axis.  And  two  such  wheels  may  be 
applied  on  opposite  sides. 

5.  Any  swift  motion  may  be  moderated  by  a  fly  AB,  (Fig.  6. 
PL  XVI.)  moveable  about  the  axis  CD.  ^  This  is  made  of  thin 
metal :  at  <  is  as  a  spring  to  keep  the  axis  and  fly  pretty  stiff  to- 
gether. This  Inridles  the  rapidity  of  the  motion  of  the  machine, 
to  which  it  is  applied,  by  reason  of  its  great  resistance  in 
the  air ;  and,  therefore,  it  hinders  the  motion  from  acceleratine 
beyond  a  certain  degree.  This  sort  of  fly  is  used  in  clocks,  and 
is  also  usefiil  in  any  motion  that  requires  to  stop,  or  move  a  con- 
trary way. 

None  of  these  regulating  wheels  or  flies  add  any  new  power  to 
the  madiine ;  but  rather  retard  the  motion  by  their  friction  and 
resistance. 
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PROP.  CXIV. 

To  D  ESC  K  TAB  EOBTS  Off  EJIf^TS. 

As  ropea  are  made  use  of  in  several  sorts  of  machlnev, 
especkliy  aboard  of  ahips,  it  is  proper  for  a  iBechanic  to  h 
bow  to  tie  lliem  together  ;  therefor^  I  shall  here  describe  se 
ral  aort^  of  knots,  not  so  mnch  to  teach  how  to  tie  them,  as 
shew  the  form  they  appear  in  when  they  are  tied.  For  the 
method  of  tyi  ng  them  is  beat  learned  from  those  that  can  tie  them 
already. 

1.  A  thmuh  knot.  {Fig,  1.  PL  XVII.)  Tliis  is  the  sitnpleat  of 
all,  and  is  Uiied  to  tie  at  the  end  of  a  rope^  to  hinder  its  opening 
otit    Al&o  it  is  used  by  tailors  at  the  end  of  their  thread. 

2.  A  loop  hioi.  (Fig.  2.  PL  XVII,)  This  ii  used  to  join  piece* 
of  rope  together. 

3.  A  draw  knot  {Fig.  3.  PL  XVII,)  is  the  same  as  tbe  latt, 
only  one  (or  both)  of  the  ends  returns  the  game  way  back,  ai 
£L  b  c  d  By  pulling  at  a  the  part  bed  comes  through^  and  the 
knot  IS  loosed . 

4.  A  riTtg  fmoi.  { Fig,  5,  PL  XVll.)  This  server  also  to  join 
pieces  of  rope  together. 

5.  Another  knQi  {Fig^  4.  PL  XVII.)  for  tying  ropes  together. 
Tbb  is  made  use  of  when  any  rope  is  often  to  be  loosed. 

6.  A  running  hwt^  {Fig.  6»  PL  XVII,)  to  draw  any  thing  close^ 
By  pulling  at  the  end  a,  the  rope  is  drawn  th rough  the  loop  6, 
and  the  part  cd  ia  drawn  close  about  a  beam,  &c. 

7.  Another  hiof,  {Fig.  7.  SL  XVIL)  to  tie  any  tiling  to  a 
post ;  herd  tije  end  may  be  put  through  as  often  as  you  wUL 

8  A  very  wmail  knot.  {Fig.%.  P/,  XVIL)  iTiere  is  a  thumb 
knot  made  at  the  end  of  each  piece,  and  the  end  of  the  other  is 
to  go  through  it.  Thus  the  rope  ac  rnn$  through  the  loop  ^  aod 
bd  through  r  ;  and  then  drawn  close  by  pulling  at  u  and  h:  if  tbfl 
ends    /'be  drawn,  the  knot  will  be  loosed  again. 

A  faker's  hiQt,  or  wtUer  htoL  (Fig.  9.  PL  XVII.)  This  is 
the  same  as  the  4th,  only  the  ends  are  to  be  put  twice  throu^ 
the  ring^  which ^  in  thaf^  was  but  once,  and  then  drawn  close. 

10.  5l  mashing  knot  {Fig,  10.  PL  XVII.)  for  nets;  and  is  lo  be 
drawn  close. 

tl.  A  barber's  knot.(Fig.  11.  PL  XVII,)  or  a  knot  for  cawls  of 
wigs.    This  must  be  drawn  close, 

12,  A  bowiine  knot  {Fig.  12,  PL  XVTI.)  When  this  is  drawn 
i;loBe»  it  makes  a  loop  that  will  not  slip.  This  serr^  to  hitch  ore? 
any  thing. 

13.  A  umk  knot  {Fig.  13.  Pi.  XVII.)  is  made  with  the  thre« 
strauds  of  a  rope^  so  that  it  cannot  slip*   When  the  rope  is  ptil 
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through  a  hole,  this  knot  keeps  it  from  slipping  through.  If 
the  t£ree  strands  are  wrought  round  once  or  twice  more,  after 
the  same  manner,  it  is  called  ertmming.  By  this  means,  the  knot 
is  made  bigger  and  stronser.  A  thumb  knot,  art  1,  may  be  ap- 
plied to  the  same  use  as  mis. 
Concerning  the  strength  of  ropes,  see  the  latter  end  of  Section 

vni. 
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weight  in  the  second  be  taken  for  the  power  in  the  third,  and  liiis 
powa*  be  to  the  woght  as  C  to  D ;  then  the  first  jpoww^  A  ii  to 
the  last  weight  D,  in  the  compound  ntio  of  A  to  B,  B  to  C,  and 
C  to  D,  and,  so  on  through  the  whole. 

Cor,  In  any  tneekmey  eompoted  cf  wkeehy  the  powrr  it  to  the 
weight,  in  the  compound  ratio  of  the'  diameter  of  the  axle  where  the 
weight  is  applied,  to  the  diameter  of  that  were  power  is  applied  ;  and 
the  number  of  teeth  m  the  pinion  of  each  axis,  beginning  at  the 
power,  to  the  number  of  teeth  m  each'  wheel  they  work  in,  till  you 
come  at  the  weight. 

Or,  instead     the  teeth,  you  may  take  their  diameters, 

PROP.  CXVI. 

If  the  power  avd  weight  be  in  bquilibrio  on  ant  machine, 
IF  thet  be  put  in  motion,  the  velocity  of  the  weight 

WILL  BE  to  that  OF  THE  POWER,  AS  THE  POWER  IS  TO  THE 
WEIGHT. 

For,  since  they  are  in  equilibrio,  one  of  them  cannot  of  itself 
move  the  other;  therefore,  if  they  be  put  into  motion,  the  mo- 
mentum, or  quantity  of  motion  of  the  weight,  will  be  equal  to  that 
of  the  power;,  and,  therefore,  their  relocities  will  be  reci^rnxsally 
as  their  quantities. 

Cor,  1.  Hence,  it  ^follows,  that  if  any  weight  is  moved  by  help  of 
a  machine,  what  is  gamed  in  power  is  lost  in  time. 

For  in  whatever  proportion  the  power  is  less  than  the  weight, 
in  the  same  proportion  will  the  weight  be  slower  than  the 
power. 

Cor,  2.  Hence,  the  motion  of  the  weight  is  not  at  all  increased  by 
any^  engine,  or  mechanical  instrument;  only  the  velocity  of  the 
weight  is  so  much  diminished  thereby,  that  the  quantity  of  motion  of  the 
weight  may  not  exceed  the  quantity  of  motion  of  tie  power.  And, 
therefore,  it  is  a  vain  fancy  for  any  one  to  think  that  he  can  move  a 
great  weight  with  a  Utile  power,  ami  with  the  same  velocity  as  with 
a  greater  power. 

For  the  advantage  gained  by  the  power  is  lost  by  the  velocity. 
If  any  power  is  able  to  raise  a  pound  with  a  given  velocity,  it  is 
impossible,  by  the  help  of  any  machine  whatever,  that  the  same 

Eower  can  raise  two  pounds  with  the  same  velocity.  Yet,  it  may, 
y  help  of  a  machiue,  be  made  to  raise  2  pounds  with  half  that 
veloci^,  or  even  1 600  .  pounds  with  the  thousandth  part  of  the 
velocity.  But  still  thfere  is  no  greater  quan^ty.  of  motion  pro* 
duced,  when  lOOQ  pounds  weight  is  moved^  than  when,l  pound : 
the  1000  pounds  being  proportionally  slower.   The  power  and' 
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use  macHinej  consists  only  in  this,  that  by  iheir  imeans  the  ve- 
locity of  ibe  weight  may  he  ditninisjhed  at  pleasure,  so  that  a 
given  weight  may  be  moved  with  a  givetJ  power^  or  that  with  a 
given  force  any  given  resistance  may  he  overcome.  Mechanic 
instnimenls  toeing  only  tbc  means  whereby  one  body  communi- 
cates motion  to  unother,  and  not  designed  to  produce  a  motioa 
that  had  no  existence  before. 

Cor.  3.  Hence  J  also,  U  it  plain  j  that  a  given  ponder  or  qmoiftfy 
qfforre,  applied  to  mmie  a  henv^  /►wrfy  help  of  a  machimj  tm 
produce  no  greater  quantity  of  motion  in  that  hodj/t  than  if  tkM 
Jhrcf!  was  ijnmedi^mp  oppiied  to  the  bodif  itself;  nor  not  qmie  m 
much^  reason  of  the  friction  and  resistance  of  the  engine.  Andy 
if  ihe  power  he  given,  you  nmy  chv&c  whether  i/ou  wdl  mtm  a 
greater  weighi  with  a  less  vik^itj^j  or  a  lejss  weight  mth  a  greater 
velocity.  But  to  do  both,  u  utterhf  repugnmit  to  the  eternal  of 
natui-e. 

PROP.  CXVn.  {Fig,     PI  KVIU.) 

Iw  AWT  alACHIICE  CD,  IS  10  BE  MOVED  BV  TH^  HELP  OP  tlVEES^ 
WHEBLS^StC  ;  AND  IP  THE  POWER  THAT  MOVES  IT  ACl^  IK- 
TIRELY  WITHIN  THEMAC«rNE,  AND  BXEETS  m  FORCE  AGAtB*r 
SOME  EXTERNAL  OHJECT  B;  THEN  THE  FOBCE  APPLIED  WtTHtW 
TO  MOVE  THE  MACHINE^  WILL  EE  JUST  THE  SAMBAS  IF  TWE 
MACHINE  WAS  AT  REST,  AND  THE  OBJECT  B  WAS  TO  BE  MOVED  | 
SUPPOSING  B  TO  RE  AS  EASILY  MOVED  AS  THE  MACHINE. 


For,  suppose  first,  tlie  Wv^r  AFB  to  be  fixed,  and  to  make  fl 
part  of  the  machine ;  and  let  the  eittenial  force  acting  at  Bj 
which  is  capable  to  move  the  machine,  be  Now,  suppose  the 
lever  AFB,  moveable  about  F,  and  a  force  apphed  at  so  gnat 
as  to  act  at  B,  with  the  force  1  ;  tlien  the  action  atid  re-^tion  at 
B  being  the  same  as  bcfoiC;^  it  is  plain  the  machine  will  be  moved 

BF 

as  before.    But  the  fi)Tce  now  acting  at  A,  is  _ _  XI;  ju9t  the 

same  as  if  the  point  F  were  fixed,  aud  B  was  to  be  moved.  And 
if  more  levers,  or  any  number  of  wheels  be  added,  the  thing  will 
atiU  be  the  same. 


Oiherwite. 

Let  the  absolute  force  to  move  the  machine  be  1,  and  the  force 
^ting  at  A  be^;  and  let  us  first  consider  it  as  acting  out  of  the 
machine;  then  B  being  fixed ^  is  the  fulcrum;  therefore  the  force 
AB 

acting  at  F,  is  -^g-  x  /.   Now,  if  the  acting  force  he  considi 
in  the  macbinei  it  m}l  not  be  urged  forward  witk  all  this 
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for  the  re-«icti<m  will  be  equal  to/,  the  power  at  A.  Therefore 

An 

tlie  absolute  force  the  maduae  it  moved  with,  it         x  / — / 

FH 

or  ^7^?  X  /,  lhat  is        x/,  but  this  is  =  I,  therefore 
FB  Fd 

AF^ 

Cor,  1.  HencCy  if  the  ohtobiie  external  forcey  to  move  any  ftoeCy  or 
machine^  he  gwen^  emd  the  machine  it  to  he  moved  hy  an  mtenuU 
power  f  that  power  may  he  founds  hynqtpotmg  the  machme  at  rest, 
mid  the  external  o^eet  B  was  to  he  removed,  and  to  require  the  same 
absaiute  force  to  mote  it. 

For  it  is  the  same  thing,  as  to  the  power,  whether  the  machioey 
or  die  external  object,  be  moved,  whilst  the  other  is  at  rest. 

Cor.  2.  If  the  power  acting  within  the  machine  he  not  iommmm 
cated  to  some-external  ohfeci,  it  will  have  no  force  at  all  to  move  the 
mackint.  And  a^  force  that  both  begins  and  ends  within  it,  does 
nothhg  otalltB^move  it. 

For  the  power  acting  only  against  some  part  of  the  machine, 
will  be  destroyed  by  the  contrary  and  equal  re-action.  And  the 
body  being  acted  on  by  these  equal  and  contrary  forces,  will  not 
be  moved  at  all.  Thus^  if  a  man,  sitting  in  the  head  of  a  boat, 
pull  the  stem  towards  lum  by  a  rope,  the  boat  win  not  be  moved 
at  all  oatt>f  its  place  by  that  force. 

PROP.  CXVIII. 

To  BETSftMnrS  THB  FRICTION,  AND  OTHER  IRREOULARITIBB  IN 
MECHANICAL  ENGINES. 

The  propositions,  hitherto  laid  down  suppose  all  bodies  per- 
fectly smooth,  that  they  slide  over  one  another  without  any 
friction,  and  move  fireely  without  any  resistance.  But,  since 
there  is  no  such  thing  as  perfect  smoothness  in  bodies,  therefore, 
in  rubbing  against  one  another,  they  meet  with  more  or  less 
friction,  according  to  their  roughness ;  and,  in  moving  in  any 
medium,  will  be  resisted  according  to  the  density  of  the  medium. 
Even  ropes  going  over  piillies  cannot  be  bended  without  some 
force. 

Among  machines,  some  have  a  great  desd  more  friction  than 
others,  and  some  vei^  little.  Thus,  a  pendulum  has  little  or  no 
ffictijoxv  but  what  anses  from  the  resistance  of  the  air.  But  a 
cairriage  has  a  great  deaf  of  friction.  For,  upon  plain  ground, 
%  loaded  cart  reqmres  the  strength  of  several  horses  to  draw  it 
along,  and  all,  or  most,  of  (his  force  is  owing  to  its  friction. 
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All  compouDded  machin&i  have  a  great  deal  of  fricJion,  and 
so  much  ilii  more,  as  they  consist  of  more  partij  that  rub  againal 
one  another;  and  there  is  great  variety  in  several  sorts  ofbodi^. 
as  to  the  qaautity  of  friction  they  have,  nod  evep  in  the  same 
bodies  under  different  circumstances ;  upon  which  account,  ii 
will  be  impossible  to  give  any  standing  rules  by  which  its  quAo* 
tity  can  be  exactly  determined.  All  we  can  do  h  to  lay  down 
such  particular  rules,  as  have  been  deduced  from  experiments 
made  upon  particular  bodies,  which  rules  will  require  some  vari- 
ation under  different  circumatanres,  according  to  the  judgm 
and  experience  of  the  artist. 

1 .  Wood  and  all  metals,  when  oiled  or  greased,  have  ne 
the  same  friction  ;  and  the  smoother  they  are  the  less  friction 
they  have.    Yet  metals  may  be  so  far  polished  as  to  incre 
friction,  by  the  cohesion  of  their  pans. 

Wood  slides  easier  upon  the  ground  in  wet  weather  than 
dry,  and  easier  than  iron  in  dry  weather :  but  iron  slides  easier 
tlian  wood  in  wet  weallier.  Lead  makes  a  great  deal  of  resist- 
ance. Iron,  or  steel,  running  in  braas,  makes  the  least  frictian  of 
any.  In  wood  acting  against  wood,  grease  makes  the  motion 
twice  as  easy,  or  rather  two-thirds  easier.  Wheel  naves  greased 
or  tarred,  go  four  times  eerier  than  when  wet. 

^letals  oiled  make  the  friction  less  than  when  polished,  oaiL 
twice  as  little  as  when  unpolished-  V 

In  general,  the  softer  or  rougher  the  bodies,  the  greater  is  tjj^ 
friction. 

2.  As  to  particular  cases,  a  cubic  piece  of  soft  wood  of  eight 
pounds  weight,  moving  upon  a  smooth  plane  of  soft  wood^  at  the 
rate  of  three  feel  per  second,  its  friction  is  about  oue*third  the 
weight  of  it.  But,  if  it  be  rough,  the  friction  u  little  less  lhaa 
half  ihft  weight. 

Upon  the  same  supposition,  other  soft  wood  upon  soft  wood, 
very  smooth,  the  friction  is  about  a  quarter  the  weight. 

Soft  wood  upon  hardj  of  hard  upon  soft,  one  fifth  or  one-sixth 
the  weight. 

Hard  wood  upon  hard  wood,  one^sefenth  or  on^ighth  the 

weight. 

Polished  steel  moving  on  steel  or  pewter,  aquartei'  the  weight : 
moving  on  copper  or  lead,  one -fifth  the  weight ;  on  brass,  one- 
sixth  the  weight.  Metals  of  the  same  sort  have  more  friction  than 
different  sorts. 

The  friction,  ceteris  parihiiSj  increases  with  the  weightj  almost 
in  the  same  proportion.  Tlie  friction  is  also  greater  with  a  greiter 
velocity,  but  not  in  proportion  to  it,  except  in  very  few  cases.  A 
greater  surface  also  causes  something  more  friction,  widi  the  same 
weight  and  velocity.    Yet  friction  may  sometimes  be  increased 
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by  having  too  little  snrfaoe  to  moTe  on,  as  upon  clay,  &c.  where 
&e  body  sinks. 

3.  The  friction  arising  from  the  bending  of  ropes  about  ma- 
diinesy  differs  according  to  their  stiffness,  the  temper  of  the 
weadier,  degree  of  flexibility^  8cc.  but,  ceteris  paribus^  the  force 
or  difficulty  of  bending  a  rope  is  as  Ae  square  of  the  diameter 
of  the  rope,  and  its  tension,  directly  ;  and  the  diameter  of  die 
cylinder,  or  pulley,  it  goes  about,  reciprocally. 

A  rope  of  one  indi  diameter,  whose  tension,  or  weight  draw- 
ing it,  IS  51b.  coing  over  a  pulley  three  inches  diameter,  requires 
a  force  of  lib.  to  bend  it. 

4.  The  resistance  of  a  plane  moving  through  a  fluid,  is  as 
the  square  of  the  velocity ;  and  (putting  v  =:  velociw  in  feet,  in 
a  second)  it  is  equal  to  the  weight  of  a  column  of  the  fluid,  wluMe 

base  is  the  plane^  and  height  !!1 .  And,  in  a  globe,  it  is  but  half 
64 

so  much. 

5.  The  friction  oC  a  fluid  running  through  a  tube  is  as  the  velo- 
ci^and  diameter  of  the  tube. 

But  the  friction  is  greater  in  lespect  to  the  quantity  of  the  fluid, 
in  small  tubes,  than  in  large  ones;  and  that,  reciprocally,  as  their 
diameters.  But  the  absolute  quantity  of  the  friction  in  tubes,  is 
but  very  small^  except  the  velocity  be  very  great,  and  the  tube 
very  long. 

But,  if  a  pipe  be  divided  into  several  lesser  ones,  whose  nimi- 
ber  is  n,  the  resistance  arising  from  the  friction  will  be  increased 
as  it/n ;  for  the  area  of  the  section  of  any  one  pipe,  will  be 

— 1;  and  the  friction,  being  as  the  circumference,  will  be  as 
n 

—  ;  and,  therefore,  the  friction  in  all  of  them  will  be    ^  ? 

or  as  >Jn, 

6.  As  to  the  mechanic  powers :  the  single  lever  makes  no  re- 
sistance by  friction ;  but  it,  by  the  motion  of  the  lever  in  lifting, 
the  folcrum  or  place  of  support  be  changed  further  from  the 
weighty  the  power  will  be  decreased  thereby. 

7.  In  any  wheel  of  a  machine,  running  upon  an  axis,  the 
friction  on  the  axis  is  as  the  weight  upon  it,  the  diameter  of 
the  axis,  and  the  angular  velocity.  This  sort  of  friction  is  but 
small. 

8.  In  the  pulley,  if  j?,  q  be  two  weights,  and  q  the  greater ;  and 
if  W      -iEL,  then  W  is  the  weight  upon  the  axis  of  the  single 

pulley,  and  it  is  not  increased  by  the  acceleration  of  the  weight 
but  remains  always  the  same. 
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The  iriction  of  ihe  pulley  is  very  considerable,  when  th€  sbesves 
rub  against  the  blocks,  and  by  the  wearing  of  tbe  holes  ^ 

The  fnctiou  on  the  axis  of  die  pulley  is  as  the  weight  W,  m 
angular  velocity,  the  diaineier  of  the  axis  directly,  and  the  dia- 
meter of  the  pulley  ini^erstly,  A  power  of  lOOlb,  with  the  addi* 
tiou  of  50lb.  will  but  draw  up  500lb,  wjtb  a  tackle  of  five. 

And  15  lb.  ovei"  a  singe  pulley  will  draw  up  only  14  lb, 

9.  In  the  screw  there  ts  a  great  deal  of  friction.  Those  wilh 
sharp  threads  have  more  friction  than  ihoae  with  square  threads. 
And  endless  acrew3  have  more  tlmn  either*  Screws  with  a  sqijire 
thread  raisK  a  weight  with  more  ease  than  ihose  with  a  sharp 
thread. 

In  the  comtnou  screw  the  friction  i^  so  great,  thai  it  will 
tain  the  weight  in  smy  position  given,  when  the  power  is  taken 
oC    And,  therefore,  the  friction  is  at  least  equal  to  the  power. 
From  whence  it  will  follow,  thatj  in  the  screw, 

TVic  power  must  be  to  the  weight  or  resiistanccj  at  least  as  twice 
the  perpendicular  height  of  a  thread  to  the  circumference  de* 
pcribed  by  one  le volution  of  the  power,  if  il  be  able  to  raisf*  the 
weight,  or  only  sustain  it.  This  fricrifon  of  the  screw  is  of  great 
use,  as  it  ser^.'e9  to  keep  the  weight  in  any  given  position* 

10.  In  the  wedge,  the  friction  is  at  least  equal  to  the  power, 
as  it  mains  any  position  it  is  driven  into;  tbertfore,  m  the 
wedge. 

The  power  must  be  to  the  weight,  at  lea^t,  as  the  ba^e  to  ihe 
Iieight,  to  overcome  any  i^i stance. 

1 1 .  To  tied  the  friction  of  any  engiuCj  begin  at  the  iiower,  and 
consider  the  velocity  and  tlie  weight  at  the  first  rubbing  part ;  aud 
estimate  its  quantity  of  friction  by  some  of  the  foregoing  articles. 
Then  proceed  to  the  neatt  rubbing  part,  and  do  ibe  same  for  it. 
And  so  on  through  the  whole. 

And  note,  something  more  is  to  be  allowed  for  increase  of 
friction,  by  every  new  addition  to  lha  power- 

Cor.  Heiice  wUl  appear  iht  difficultly j  or  rather  impossihiUfy/,  nf  a 
perpetmd  motion,  0r  suck  a  motion  as  is  to  continue  the  stmie  for 
etJer^  w,  fit  krnt  as  iotig  tts  the  materials  vnll  last  that  compose  Ihe 
moving  machine. 

For  such  a  motion  as  this  ought  continually  to  return  undimi- 
nished, notwithstanding  any  rciiistance  it  meets  with,  which  is  im- 
possible ;  for,  although  any  body  once  put  into  motion,  and  mov- 
ing freely  without  any  resistance,  or  any  external  retarding  force 
acting  upon  it,  would  fur  ever  retain  that  motion.  Yet;  in  fact, 
we  aie  certain,  that  no  body  or  machine  can  move  at  all  without 
some  degree  of  friction  and  resistance.   And,  therefore,  it  must 
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follow,  that  from  the  lesiitaiioe  of  the  medium,  and  the  friction  of 
the  parts  of  the  machine  upon  one  another,  its  motion  will  gn- 
dualfy  decay,  tiU,  $X  last,  all  the  motion  is  destroyed,  and  tile  ma- 
chine is  at  rest  Nor  can  this  be  otiierwise,  except  some  new 
acttve  force,  equal  to  all  its  resistance,  adds  a  new  motion  to  it 
But  that  cannot  be  from  tiie  body  or  mach'me  itself ;  for  then  the 
body  would  mo?e  itself  or  be  the  cause  of  its  own  motion,  which 
is  absurd. 

PROP.  CXK. 

To  COimilTE  A  PROPER  MACBIIVE  THAT  SHALL  MOTE  A  OtVEH 
WEIGHT  WITH  A  GIVEN  POWER,  OR,  WITH  A  01  YEN  QUAHTITT 
OF  FORCE,  SHALL  OVERCOME  AHY  OTHER  GIVEN  RESISTANCE. 

If  the  given  power  is  not  able  to  overcome  the  given  resistance, 
when  directly  applied,  that  is,  when  the  power  applied  is  less 
than  the  weight  or  resistance  given,  then  the  thing  is  to  be  pei^ 
formed  by  the  help  of  a  machine  made  with  leverg^  wheelt,  jnuliOf 
icrew$,mc^  so  aojusted,  that  when  the  weight  and  power  are 
ptdt  in  motion  on  the  machine,  the  velocity  of  the  power  may  be 
at  least  so  mudi  greater  than  that  of  the  weight,  as  the  weight 
and  friction  of  the  madiine,  taken  together,  is  greater  than  the 
power.  For  on  this  principle  depends  the  mechajiism  or  contri* 
vance  of  mechanical  engines,  usea  to  draw  or  raise  heavy  bodies, 
or  overcome  any  other  force.  The  whole  design  of  these  being 
to  give  such  a  velocity  to  the  power  in  respect  of  the  weight,  as 
that  the  momentum  of  the  power  may  exceed  the  momentum  of 
the  weight  For,  if  machines  are  so  contrived  that  the  velo« 
cities  of  the  agent  and  resistant  are  reciprocally  as  their  forces,  the 
agent  will  just  sustain  the  resistant ;  but,  with  a  greater  degree  of 
vdlodty, .  will  overcome  it  So  that,  if  the  excess  of  velocity 
in  the  power  is  so  great  as  to  overcome  all  that  resistance 
which  commonly  arises  from  the  friction  or  attrition  of  con- 
tiguous bodies,  as  they  slide  by  one  another,  or  from  the  cohe- 
sion of  bodies  that  are  to  be  separated,  or  finom  the  weights  of 
bodies  to  be  raised,  the  excess  of  the  force  remaining,  after  all 
these  resistances  are  overcome,  will  produce  an  acceleration  of 
motion  proi>ortional  thereto,  as  well  m  the  parts  of  the  machine, 
as  in  the  resisting  body.  Now,  how  a  machine  may  be  contrived 
to  perform  this  to  the  best  advantage,  will  appear  from  the  fol- 
lowing rules. 

1.  Having  assigned  the  proportion  of  your  power  and  the 
weight  to  be  raised,  the  next  thing  is  to  consider  how  to  com- 
bine levers,,  wheels,  pullies,&c.  so  that,  working  together,  they  may 
be  able  to  give  a  velocity  to  the  power,  which  shall  be  to  that  o! 
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the  weight,  spmetlimg  greater  than  in  the  pmpoftioti  of  ihf> 
weight  to  the  power,  Tius  donsj  yoM  must  estirrvaie  your  qtiMi- 
tiiy  of  friction,  by  the  last  Prop. ;  and  if  the  velocity  of  the  powcf 
be  to  that  of  the  weighty  still  in  a  greater  propiirtiou^  than  the 
weight  iind  friction  taken  together  is  to  the  po^*er,  then  your 
machine  will  be  able  to  raise  the  weigh*.  And  note,  this  pro- 
portion fnust  be  so  much  gtijater,  as  you  would  have  your  eogtiie 
work  faster. 

2.  But  the  proportion  of  the  velocity  of  the  ppw^t  and  weighty 
must  not  be  mad^  loo  great  neither.  For  it  is  a  fault  to  give  a 
machine  too  much  power,  aH  well  us  too  liitie ;  for  if  the  powef 
can  raise  the  waight,  atid  overcome  the  resislauce,  and  the  engise 
perforin  its  proper  effect  in  a  convenient  time,  and  woriis  well, 
it  is  suSicient  for  the  end  pioposed.  Aud  it  is  in  vain  to  make 
more  additions  to  the  engine^  to  increase  the  power  any  further  ; 
for  that  would  not  only  be  a  needless  expense^  but  the  engtu^ 
would  lose  time  in  working. 

3.  to  the  power  applied  to  work  the  engine,  it  tnay  be 
either  a  Hving  power,  as  men,  horses,  &c.,  or  au  artificial  power^ 
as  a  springj  Stc,  or  a  natural  powerj  as  windj  water,  lire,  weights ^ 
kc. 

When  the  quantity  of  the  power  is  known,  it  matters  not,  a&  to 
the  effect,  what  kind  of  power  it  is.  For  the  same  quantity  ©f 
any  sort  will  produce  the  same  effect 5  and  different  sorts  Qf 
powers  may  be  ap plied ^  in  an  equal  quantity,  a  great  variety 
ways. 

The  moat  easy  power  applied  to  a  machine  is  weight,  if  it 
capable  of  eHeeiiug  the  thing  designed.    If  not,  then  wiod^ 
ter,  ^ko,,  if  that  can  conveniently  be  had,  and  wiihout  much 
pen^. 

A  spring  is  abo  a  conveuietit  moving  power  for  several 
chines;  but  it  never  ucis  equally  as  a  w^eight  does;  but  is 
stronger,  when  much  bent,  than  when  but  a  little  bent,  and 
that  in  proportion  to  the  degree  of  bending,  or  the  distance  it  is 
forced  to.  But  springs  grow  weaker  by  often  bending^  or 
remaining  long  bent ;  yet  they  recover  part  of  their  strength  ' 
lying  unbent. 

The  natural  powers,  wind  and  water,  may  be  applied  with  v; 
tjd vantage  to  the  working  of  great  engines,  when  managed  wiih 
nkill  and  judgmeriL  The  due  application  of  these  has  much 
iibi  idged  the  labours  of  men ;  for  there  is  scarce  any  labour  to  be 
performed,  but  an  ingenious  artificer  can  tell  how  to  apply  these 
powers  to  execute  his  design,  and  answer  his  purpose.  For  any 
t:<>nfltant  motion  bein^  given,  it  mayj  by  a  due  apphcation,  be 
made  to  produce  any  other  motions  we  dewire.  Therefore,  these 
powers  ate  the  most  easy  and  useful,  and  of  the  greatest  benefil 


or 
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to  mankind.    Besides,  they  cost  nothing,  nor  require  any  repeti- 


wound  up.  When  these  cannot  he  haa,  or  cannot  serve  our  end, 
■we -have  recourse  to  some  living  power,  as  men,  horses,  &c. 

4.  Men  may  apply  their  strength  several  ways,  in  working  a 
machine.  A  man  of  ordinary  strength,  turning  a  roller  by  the 
handle,  can  act  for  a -whole  day  against  a  resistance  equal  to 
30  ib.  weight ;  and^  if  he  works  teu  hours  in  a  day,  he  ¥nll  raise 
a  weight  of  30  lb.  3^  feet  in  a  second ;  or,  if  the  weight  be 
•greater,  he  will  raise  it  so  much  less  in  proportion.  But  a 
man  may  act,  for  a  small  time,  against  a  resistance  of  50  lb.,  or 
more. 

-  If  two  men  work  at  a  windlass,  or  roller,  they  can  more  easily 
draw  up  70  lb.  than  one  man  can  30  lb.  provided  the  elbow  of 
one  of  the  handles  be  at  right  angles  to  that  of  the  other.  And, 
with  a  fly  or  heavy  wheel  applied  to  it,  a  man  may  do  one-third 
part  more  work,  and,  for  a  little  while,  act  with  a  force,  or  over- 
come a  continiial  resistance  of  80  lb.  and  work  a  whole  day  when 
the  resistance  is  but  40  lb. 

M6nu6ed  to  carrying,  such  as  porters,  will  carry,  some  150  lb., 
others  200  or  250  lb.  according  to  their  strength. 

A  man  can  draw  about  70  or  80  ib.  horizontally ;  for  he  can 
4mt  apply  about  half  his  weight. 

If  me  weight  of  a  man  be  140  lb.  he  can  act  with  no  greater  a 
force  in  thrusting  horizontally,  at  the  height  of  his  shoulders,  than 
27  lb. 

■  As  to  horses.  A  horse  is,  generally  speaking,  as  strong  as  five 
men.   A  horse  will  carry  240  or  270  lb.. 

A  horse  draws  to  greatest  advantage  when  the  line  of  direc- 
tion is  a  little  elevated  above  the  horizon,  and  &e  power  acts 
against  his  breast ;  and  can  draw  200  lb.  for  eight  hours  in  a  day, 
at  two  miles  and  a  half  in  an  hour.  If  he  draw  240  lb.  he  can  work 
but' six  hours,  and  not  go  quite  so  fast.  And,' in  both  cases,  if  he 
carries  some  weight,  he  will  draw  better  than  if  he  carried 
none.  And  this  is  the  weight  a  horse  is  supposed  to  be  able  to 
draw  over  a  pulley,  out  of  a  well.  In  a  cart,  a  horse  may  draw 
1000  lb. 

'  The  most  force  a  horse  can  exert  is,  when  he  draws  something 
above  a  horizontal  position. 

The  worst  way  of  applying  the  strength  of  a  horse,  is  to  make 
him  carry  or  draw  up  hill.  And  three  men,  in  a  steep  hil^, 
carrying  each  100  lb.  will  climb  up  fester  than  a  horse  with 


*  Though  a  horse  may  draw  in  a  round  walk  of  18  feet  diame- 
ter, yet  such '  a  walk  should  not  be  less  than  25  or  30  feet  dia- 
meter. 


which  require  to  be 
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5,  Ereiy  macMiie  ought  to  be  made  of  as  iew  parts^  and  tboie 
as  simple  as  possible^  to  answer  its  purpose ;  not  only  ' 
Ihe  expense  of  making  and  repairing  will  be  less,  but  it  will 
be  less  liable  to  any  disorder.   And  it  is  needless  to  do  a  thsng 
with  many,  which  may  be  done  with  fewer  paits^ 

6.  If  a  weight,  13  to  be  raised  but  a  very  little  way,  the  lever  is 
the  most  simple,  easy,  and  ready  machine .  Or  if  the  weight  be 
very  great,  the  common  screw  is  moat  proper.  But  if  the  weight 
is  to  he  raised  a  great  way,  the  wheel  and  axle  is  a  proper  power^ 
and  blocks  and  puUies  are  easier  still ;  aiid  the  same  may  be 
done  by  help  of  the  perpetual  screw. 
-  Great  wheels,  to  he  wrought  by  men  or  cattk,  are  of  most  U|^j| 
and  convenience  when  their  axles  are  perpendicular  to  tlHH 
horizon;  but,  if  by  water^  &e>,  then  it  is  best  to  have  their  aidk^^^ 
liorizontah 

T.  As  to  the  combination  of  simple  machines  together;  to  maiie 
a  compound  one :  though  the  lever,  when  simple,  cannot  raise 
a  weight  to  any  great  height,  and,  in  this  case,  is  of  little  ser- 
vice, yet  it  is  of  great  use  when  compounded  with  others.  Tbu*, 
the  spokes  of  a  great  wheel  are  all  levers  perpetually  acting  ;  and 
a  beam  fixed  to  the  axis  to  dr^w  the  wheel  about  by  men  or 
horses,  is  a  lever.  Hie  lever,  also,  may  be  combined  willi  the 
screwj  but  not  conveniently  with  pnllies,  or  with  tfie  wedge. 
The  wheel  and  axle  is  combined  with  great  advantage  wiih 
puUies.  The  screw  is  not  well  combined  with  pullies ;  but  the 
perpetual  screw,  combined  with  the  wheel,  is  vpry  serviceable. 
The  wedge  cannot  be  combined  wiiJi  any  other  mechanical 
power ;  and  it  only  performs  its  effect  by  percussion ;  but  this 
lorce  of  percussion  may  be  increased  by  engines. 

FuUies  may  he  combined  with  pullies^  and  wheels  witii 
wheels ;  therefore,  if  any  single  wheel  would  be  loo  large,  and 
take  up  too  much  room,  it  may  be  divided  into  two  or  three 
more  wheels  and  trundles,  or  wheels  and  pinions,  as  in  clock- 
work, so  as  to  have  Uie  sapie  power,  and  perform  the  same 
effect. 

In  wheels  with  teeth,  the  number  of  teeth  that  play  together  i 
two  wheels,  ought  to  be  prime  to  each  other,  that  the  same  tee 
may  not  meet  at  every  revolution.    For,  when  different  tee 
meet,  they,  by  degrees,  wear  themselves  into  a  proper  hguref 
therefore  they  should  be  contrived,  that  the  same  teeUi  meet 
seldom  as  possible. 

The  strength  of  every  part  of  the  machine  ought  to  be  madt 
proportional  to  the  stress  it  is  to  bear  ;  and,  therefore^  let  every 
lever  be  made  so  much  stronger^  as  its  length  and  the  weight  it  is 
to  support  is  greater.  And  let  its  strength  diminish  proportion* 
ally  from  the  fulcrum,  or  pointy  where  the  greatest  stress  is,  to  each 
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Uw]p  aie  to  bear  greater  weight  The  teeth  of  wheela,  aiid  die 
iHFfaeele  tfaeBiedTea,  whidi  act  with  greater  Ibroey  miift  be  propor* 
ally  fltronger.  And  in  any  combinatioo  of  wheeb  ana  axles» 
make  their  ttrength  diminiah  gradually  from  the  weight  to  the 
power,  so  thai  the  itrength  of  every  part  be  reciproculy  af  the 
veloei^  it  has.  The  strength  of  ropes  must  be  according  to  their 
taanxm,  and  that  is  as  the  squares  of  their  diameters,  (see  the  end 
of  Sf^  VIU,)  And,  in  general,  whatever  parts  a  machine  is 
composed  of,  the  strength  oi  every  particular  part  of  it  mu^  be 
adjusted  to  the  stress  upon  it,  according  to  Sect.  VIII.  Thereibre, 
in  aquare  beams,  the  cubes  of  the  diameters  must  be  made  propor- 
tioBal.to  the  stress  they  bear.  And  let  no  part  be  stronoer  or 
bigger  than  is  necessary  for  the  streu  upon  it ;  not  only  for  the 
ease  and  wdl-goiiig  of  the  machine,  but  for  the  diminishing  the 
finction.  For  all  superfluous  matter  in  any  part  of  it,  is  nothing 
but  a  dead  weight  upon  the  machine,  and  serves  for  nothing  but 
to  dog  its  motion.  And  he  is  by  no  means  a  perfect  mechanic, 
that  does  not  only  adjust  the  strength  to  the  stress,  but  also  con^ 
trive  all  the  parts  to  last  equally  well,  that  the  whole  machine 
may  foil  legeuier. 

9.  To  avoid  friction  as  much  as  possible,  the  machine  ought 
not  to  have  any  unDecessary  motions,  or  useless  porta;  for  a 
muJtipUoiry  of  parts,  by  their  weight  and  motion,  mcrease  the 
fijk^on.  The  diameters  of  the  wheels  and  pullies  ought  to  be 
large,  and  the  diameters  of  the  arbors  or  spindles  they  run  on, 
as  small  as  can  be  consistent  with  their  strength.  All  ropes  and 
cords  must  be  as  pliable  as  possible,  and  for  that  end  are  rubbed 
with  tar  or  grease ;  die  teeth  of  wheels  must  be  made  to  fit  and 
fill  up  the  openings,  and  cut  in  the  form  of  epicycloids.  All  the 
axles,  where  the  motion  is,  and  all  teeth  where  they  work,  and  all 
parts  that,  in  working,  rub  upon  one  another,  must  be  made 
smooth;  and,  when  the  machine  goes,  must  be  oiled  or  greased. 
If  a  joint  is  to  go  pretty  stifi*  and  steady,  rub  a  little  grease  upon 
it. 

The  axis  a  (Fig-  2.  FL  XVIII.)  of  a  wheel  may  have  its  fric* 
tion  diminished^  by  causing  it  to  run  on  two  rollers,  B,  C,  turn- 
ing round  with  It,  upon  two  centres. 

Likewpse,  instead  of  the  teeth  of  wheels,  one  may  place  little 
wheels,  as  A,B,  {Fig,  3.  FL  XVIII.)  running  upon  an  axis  in  its 
centre.  And  this  will  take  away  almost  all  the  friction  of  the 
teeth.  And,  in  lanterns  or  trundles,  the  rounds  may  be  made  to 
turn  about^  inetead  ^  being  fixed. 

In.  all  mainlines  with  wheels,  the  axles  or  q>indles  ought  not 
to  shake,  whioh  they  will  do>  if  they  be  too  shc^.  And  their  ends 
ought  just  to  fill  their  holes. 
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When  tbe  teeth  of  a  wheel  are  much  woro  away,  it  makes  that 
wheel  move  irregularly  about,  increases  tbe  friction,  and  requires 
more  force,  and  may  cause  the  leeih  of  two  wheels  to  mn  feiiJ 
upon  one  anothef,  and  to  stop  their  motion,  and  endanger  breat- 
in|f  the  teeth.  To  prevent  this,  proper  care  should  l>e  taken  to 
dress  the  teeth,  and  keep  tbem  to  tbeir  proper  figure* 

to.  When  any  motion  is  to  be  long  continued,  contrive  the 
power  to  move  or  act  always  one  way,  if  it  can  be  done-  For 
this  is  better  and  easier  performed  tluin  when  the  motion  is  inter* 
rupted,  and  the  power  is  forced  to  move,  first,  one  way  and  then 
another*  because  every  new  change  of  motion  requires  a  new 
additional  force  to  effect  it.  Beaides,  a  body  in  motion  cannot 
suddenly  receive  a  contnuy  motion,  without  great  violence*  And 
the  moving  any  part  of  the  machine  contrary  ways  by  turn^^  witk 
sudden  jerks,  tends  otily  to  shake  the  machine  to  pieces* 

11 .  In  a  machine  that  raov^a  always  one  way,  endeavour  to 
have  the  motion  uniform.  Some  metliods  of  doing  this  may  be 
seen  in  Prop.  CXI  11*  and  if  one  uniform  motion  t>e  required 
to  produce  a  motion  eilber  uniform  or  accelerated,  some  tight 
may  be  hud  from  Prop.  CXI*  Likewise  how  to  commimicate 
motion,  consult  Prop*  CX.  And  to  change  the  direciton,  see 
Prop.  CXfl. 

12.  But  when  tbe  n  at  are  of  the  tiling  rei^uires  that  a  motion  is 
to  be  suddenly  communicated  to  a  body,  or  suddenly  sloppedj  to 
prevent  any  damage  or  violence  to  the  engine,  by  a  sudaeo  jolt^ 
let  the  force  act  a^inst  some  spring,  or  beam  of  wood,  which 
may  supply  I  he  place  of  a  spring. 

13*  In  regard  to  tbe  size  of  the  macbinei  let  it  be  made  as  large 
as  it  can  convehiendy.  The  greater  the  machino,  the  exacter  it 
vill  work,  and  perform  all  it  motions  the  better,  For  die  re  will 
always  be  some  errors  in  the  making,  as  well  as  in  the  materials, 
and,  consequently,  in  the  working  of  the  machine.  The  resist- 
ance of  the  medium  m  some  machineis  has  a  sensible  effect.  But 
all  theise  mechanical  errors  bear  a  le^s  proportion  to  the  motion 
of  the  machine^  in  great  machines  than  in  little  ones,  being  nearly 
reciprocally  as  their  dia  meters »  supposing  they  are  made  of  the  same 
matter,  and  with  the  same  accuracy,  and  are  equally  well  finished. 
Tliereforej  in  a  small  machine,  they  are  more  sensible,  but  in  a 
great  one  almost  vanish*  Therefore,  great  machines  vrill  answer 
better  than  smaller,  in  all  respects,  estcept  in  strength,  for  the 
greater  the  machine  die  weaker  it  is,  and  less  able  to  resist  any 
violence* 

14*  For  engines  that  go  by  water^  it  is  necessary  to  measure 
the  velocity  and  force  of  the  water*  To  get  the  velodty^  drop  m 
pieces  of  sticks*  &c,,  and  observe  how  fSr  Ihey  are  carried  in  a 
second,  on  any  given  time. 
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But  if  it  flow  through  a  hole  in  a  reservoir  or  suuiding  recep- 
tacle of  water,  the  Telocity  will  be  found  from  the  depUi  of  the 
hole  below  the  surfiice,  by  Cor.  2.  Prop.  XCVII. ;  and  its  force 
by  Cor.  1.  Prop.CVIL 

Hiosy  let  s  =  16  j^eety  v  z=  velocity  of  the  fluid  per  second. 
B  the  area  of  the  bole.  II  =  height  of  the  water ;  all  in  feet. 
Then  the  velocity  v  =^2sII;  and  its  force  =  the  weight  of  the 

quantitY  B  or  HB  of  water,  or  r=  .5?4.  HB  hundred  weight ; 
^■^21  112  * 

because  a  cubic  foot  is  =  62A  lb.  avoirdupois.  Also,  a  hogshead  is 
about  8}  feet,  or  531  lb.  and  a  tun  is  four  hogsheads. 

When  you  have  but  a  small  quantity  of  water,  you  must  con- 
trive it  to  fall  as  high  as  you  can,  to  have  the  greater  velocity, 
and,  consequently,  more  force  upon  the  engine. 

15.  If  water  is  to  be  conveyed  throng  pipes  to  a  great  dis- 
tance, and  the  descent  be  but  small,  so  mudi  larger  pipes  must  be 
used,  because  the  water  will  come  slow.  And  fiiese  pipes  ought 
not  to  be  made  straighter  in  some  places  than  othen ;  for  the 
quantity  of  water  conveyed  through  them  depends  upon  the  big- 
ness of  the  bore  at  the  straightest  place. 

Pipes  of  conduct  coming  directly  from  an  engine,  should  be 
made  of  iron,  with  flanches  at  the  ends  to  screw  them  together, 
with  lead  between,  or  else  of  wood ;  for  lead  pipes  will  bulge  out 
at  every  stroke  of  the  engine  and  burst ;  but  pipes  next  a  jet 
must  be  lead.  Pipes  should  not  turn  off*  at  an  angle,  but  gra- 
dually in  a  curve ;  pipes  of  elm  will  last  twenty  or  thirty  years  in 
the  ground ;  but  they  must  be  laid  so  deep  that  the  frost  may 
not  reach  them,  or  else  the  water  must  be  let  out,  otherwise  the 
frost  will  split  them. 

Hie  thickness  of  any  pipe  must  be  as  the  diameter  of  the  bore, 
and  also  as  the  depth  from  the  spring.  For  a  lead  pipe  of  6  inches 
bore,  and  60  or  70  feet  high,  the  thickness  must  be  half  an  inch ; 
and  in  wooden  pipes  2  inches. 

Water  should  not  be  driven  through  pipes  faster  than  four  feet 
per  second,  by  reason  of  the  friction  of  the  tubes.  Nor  should  it 
be  much  wire-drawn,  that  is,  squeezed  through  smaller  pipes ; 
for  fliat  creates  a  resistance,  as  the  water-way  is  less  in  narrow 
pipes. 

And  in  pump  vrork,  where  water  is  conveyed  through  pipes 
to  higher  places,  the  bores  of  the  pipes  should  not  be  made  too 
straight  upwards ;  for  the  straighter  they  are  near  the  top,  the  less 
vrater  wilt  be  discharged ;  nor  should  the  pipe  that  brings  the 
vrater  into  the  pump  be  too'  straight,  for  the  same  reason.  The 
wider  these  are,  the  easier  the  pump  works. 

When  pipes  are  wind  bound,  that  is,  when  air  is  lodged  in 
them  that  the  water  can  hardly  pass,  it  must  be  discharged  thus  : 
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Going  from  the  apriDg-  till  you  come  lo  tlie  first  nsing  of  the 
ground^  dig  it  open  till  the  pipe  be  laid  bare ;  therij  i/vith  a  ji^l 
driven  into  it  at  the  highest  part,  or  rather  a  little  beyond^  iiiak« 
a  hole  in  the  top,  and  all  the  air  will  blow  out  at  the  hole,  and 
when  the  water  comes,  batter  up  the  hole  agaio.  Do  the  same 
at  ev^ery  eminence,  and  all  the  air  will  be  discharged*  If  the  wa* 
ter  runs  h^t  through  the  pipes,  the  air  will  be  beyond  the  emh 
nence ;  but  stopping  the  water,  the  air  will  ascend  to  the  highest 

£art    If  air  be  driven  m,  at  first^  along  with  the  water,  the  nail- 
ole  must  be  left  open,  or  a  cocik  placed  there  to  open  oc 
ally.    Sometimes,  a  small  leaden  pipe  is  placed  over  tlje 
communicating  with  it  in  several  places,  in  which  is  a  cock  at  1 
to  open  upon  occasion. 

16.  When  any  work  is  to  be  performed  by  a  water-whe 
moved  by  the  water  mnning  under  it,  and  striking  the  paddl«( 
or  laddie  boards,  (Fig.  2.  P^.  XIX.)  the  channel  it  moves  i 
ought  to  be  someihing  wider  than  the  hole  of  the  adjutage^  and 
close  to  the  floats  on  every  side,  as  to  lei  liltle  or  no  water  paisi 
and  when  past  the  wheel,  to  open  a  little  that  the  water  mi 
spread.  It  is  of  no  advantage  to  have  a  great  number  of  floats  i 
paddleSy  for  these  past  the  perpendicular  are  resisted  by  the  bad 
water,  and  those  before  it  are  struck  obliquely.  The  greatei 
effect  that  such  a  wheel  can  perform,  in  commnnicating  any  mo 
tion,  is  when  the  paddles  of  the  wheel  move  with  ^  the  velocity  ( 
the  water ;  in  which  case,  ihc  force  upon  the  paddles  is  }  only  jl 
supposing  the  absohite  force  of  the  water  against  the  paddle 
when  tlie  whee^  stands  still,  to  be  1^  So  that  the  utmost  mo 
lion  wbieh  the  wheel  can  generate,  is  but  ^  of  that  whieh  th 
force  of  the  water  against  the  paddles  at  rest  would  prodncejj 
This  is  when  the  wheel  is  at  the  best ;  bat,  oftentimes,  iar  less 
done* 

Machines  to  rai^  water,  though  well  made,  seldom  lo^  les^ 
than  i  the  computed  quantity  of  water  to  be  raised  >  The  besil 
contrived  engine  ia  scarce  ^  part  better  than  llie  worst  contrive' 
engine,  when  they  are  equally  well  executed. 

A  man  with  the  best  water  engine  cannot  raise  above  one  ho 
head  of  water  in  a  minute,  10  feet  high,  to  work  all  day- 

17.  When  a  weight  is  to  be  raised  with  a  given  corporeall 
power,  by  means  of  the  wheel  and  axle,  so  that  tlie  weight  mayl 
receive  the  greatest  motion  possible  in  a  given  time  ;  the  radiui^  I 
of  the  wheel  and  axle,  and  the  weight  to  he  raised,  ought  to  be  s^l 
adjusted,  diat  the  i^di^s  of  the  axle  (EF)  :  {Fig.  3,  PL  lU.)  maj^f 
be  lo  the  radius  of  the  wheel  (AB)  ; ;  |  tlie  power  (P)  ;  x^i 
the  weight  to  be  raised  (W)  I  or,  which  comes  to  the  samfr  f 
thing,  the  velo6ty  gained  by  the  power  in  descending  must  be  j  j 
of  the  velocity  which  would  be  g4iined  by  gravity  in  tlie  same  time* 


SectXn.       INVENTION  OF  MACHINES.  165 

This  only  holds  good  when  the  power  s  a  heavy  body,  as  w^ 
as  the  wei^t ;  bat  does  not  take  place,  when  die  power  is  some 
immaterial  actiye  force,  sodi  as  that  of  an  dastic  medium,  the 
strength  of  a  spring,  &c,  whose  weight  is  inconsiderable. 

18.  Tkae  prmapU$,  al$o,  are  very  M$efidy  ami  ntcauary  to  be 
hmmn,  where  waUr-works  are  ameemed, 

Ibe  pressure  of  the  atmosphere  upon  a  square  inch  is  14.7  lb. 
ovoM.  at  a  medium. 

The  weight  of  a  column  of  water,  equal  to  the  weight  of  the 
atmosphere,  is  11 }  yards, 

A  cubic  foot  of  water  weighs  62§  lb.  awoird,  and  contains  6.128 
ale  gattofut* 

An  ale  gaBoa  of  watier  contains  282  «idk^  and  weighs  10.2  lb. 
awnrd. 

A  tun  water,  ale  measure,  weighs  1.1  tun  awird,  at  63  gal- 
lons the  hogdiead. 

A  cylinder  of  water  a  yard  high,  and  d  indies  in  diameter,  con- 
tains ^ddale  galkmt,  and  weighs     dd  pounds  avoird. 


SECTION  THIRTEENTH. 


THE  PFSCRirnON  OF  COMPOUND  MACHINE 
OR  ENGINES,  AND  THE  METHOD  OF  COM 
PrriNO  THEIR  POWERS  OR  FORCES;  WITl 
SOME  ACCOUNT  OF  THE  ADVANTAGES  ANl 
IMSADVANTAOF-S  OF  THEIR  CONSTRUCTION 


PROP.  CXX. 
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with  machines  of  several  kinds.  I  shall,  therafore,  givt  tem^ 
dianical  4h>n8tructioii  of  several  sorts  of  machiDes,  mue  fat  seva* 
lal  diffei^ot  purposes,  which  will  assist  the  reader^s  ioTeotioiiy 
and  give  him  some  idea  how  he  may  proceed  in  contriving  auM- 
chine  for  any.  end  proposed.  Of  which  I  shall  only  give  a  short 
eiplanation  of  the  principal  parts,  not  troubling  the  ledder  wiUi 
any  description  of  their  minuter  ones,  nor  how  they  are  joined 
together,  or  strengthened^  &c.  It  is  sufficient  Itere  to  shew  the 
disposition  and  nature  of  the  principal  members ;  the  rest  belongs 
to  carpenters,  joiners,  smiths,  &c.  and  is  easily  understood  by 
ainyone. 

To  compute  their  powen^ 

1.  As  to  -^mple  madiines ;  they  are  easily  accounted  for,  and 
ftk&t  Ibrces  computed,  by  the  properties  of  the  mechanic  powers. 

2.  For  compound  madiines;  suppose  any  machine  divided 
into  all  the  simple  ones  that  compose  it.  Then  begin  at  the 
power  and  call  it  1 ;  and,  by  the  properties  of  the  mechanic 
powers,  find  the  force  with  which  the  first  simple  machine  acts 
upon  die  second,  in  numbers.  Then  call  this  force  1,  and  find 
tnie  force  it  acts  upon  the  third,  in  numbers.  And  putting  this 
force  1,  find  the  force  acting  on  the  fourth,  in  numbers ;  and 
so  on  to  the  last  Then  nmltiply  all  these  numbers  together,  the 
product  wiU  give  the  force  of  the  machine,  supposing  the  first 
power  1. 

8.  When  puUies  are  concerned  in  the  machine,  all  the  parts  of 
the  same  running  rope,  that  ^  and  return  about  several  pullies, 
fireely  and  without  interruption,  must  be  all  numbered  auke  for 
the  force.  And  if  any  rope  act  against  several  others,  it  must  be 
numbered  with  the  sum  ot  all  these  it  acts  against 

4.  In  a  combination  of  wheels ;  take  the  product  of  the  num- 
ber of  teeth  in  all  the  wheels  that  act  upon  and  drive  others,  for 
^  power ;  and  the  product  of  the  teeth  in  all  the  wheels  moved 
by  tbem,  for  die  weight  Or,  instead  of  the  teeth,  take  the  dia- 
meters. 

Or  tku8, 

When  a  machine  is  in  motion,  if  you  measure  the  velocity  of 
Ifae  weight,  and  that  of  the  power,  in  numbers ;  then  &e  first 
aqmber  to  the  second,  gives  the  proportion  of  the  power  to  the 

Othertoise  tkus. 

In  wheel  work,  there  are  always  two  wheels  fixed  upon  one 
aads,  or  else  one  wheel,  and  a  pinion,  trundle,  or  barrel,  which 
supplies  the  phice  of  a  wheel.  Of  these  two,  call  that  wheel  the 
ktuetf  winch  is  acted  on  by  the  power,  or  by  some  other  wheel ; 
and  the  other,  on  the  same  axis,  called  the  foihwer,  which  drives 

ir 
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some  other  fbrw^.  Then,  having  either  the  number  of  teeth, 
the  diameter  of  each,  take  the  product  of  all  the  leaden,  for  i 
tmgfU  ;  and  tlie  procbict  of  all  the  followers,  for  the  power.  Hi 
the  leader  receives  the  motion,  and  the  follower  grives  it. 

6,  And  if  the  velocity  of  the  power  or  weight  .be  require 
Take  the  product  of  aU.  the  leaders,  for  the  veUKity  of  the  powi 
and  the  product  of  aU  the  foUowersyfor  the  velocity  of  the  weight 

Odier  things  that  are  more  complex  and  difficult,  must  be : 
ferred  to  the  general  laws  of  motion. 

Example  I. 

Sdssars,  pinchers.  See.  may  be  referred  to  the  lever  of  the  fi 
kind.  A  handspike  and  crow  are  levets  of  the  first  kind.  Km 
fixed  at  one  end,  to  cut  wood,  bread,  &c.  are  levers  of  the  seco 
kincl.  l^e  bones  in  animals,  also  tongs,  are  levers  of  the  th 
kind.  A  hammer  to  draw  a  nail  is  a  beiided  lever. 

Example  II. 

A  windlass,  and  a  capstan  in  a  ship,  and  a  crane  to  draw 
goods  out  of  a  ship  or  boat,  may  be  referred  to  the  wheel  a 
axle. 

Example  III. 

All  edge  tools  and  instruments  with  a  sharp  point,  to  cut,  clea 
slit,  chop,  pierce,  bore,  &c.  as  knives,  hatdiets,  sdssars,  swor 
Ifodkins,  &c.  may  be  reduced  to  the  wedge. 

Example  IV. 

The  bar  AB  (Fig,  7.  PL  XVIII.)  bearing  a  weight  C,  may 
referred  to  the  lever,  where  the  weight  upon  A  :  to  the  "weij 
upon  B  : :  is  as  BC  :  to  AC. 

Example  V. 


SecL  Xin.  GOBIPOUND  ENGINES.  169 


If  one  brachhun  AC  be  longelr  than  the  other  CB,  then 
weight  in  the  scale  £  must  be  greater  than  that  in  D,  to  make  an 
eqnitibrium.  -  And  then  you  will  have  a  deceitful  balance,  which 
being  empty,  or  loaded  with  unequal  weights,  shall  remain  in 
equilibrio.  For  AC  :  CB  : :  .weight  in  £  :  weight  in  D ;  by  the 
property  of  the  leTer.  Bat  changing  the  weights  from  one  scale 
to  the  other  will  discover  the  deceit ;  for  the  balance  will  be  no 
longer  in  equiliMo. 

.  -  '  Example  Vn. 

The  steelyard  AB  (^Fig.  8.  P/.  JCVIII.)  is  nothing  but  a  lever, 
whose  fulcrum  is  C,  the  centre  of  motion.  If  the  weight  P,  placed 
at  D,  reduces  the  b^am  AB  to  ah  equilibrium ;  and  there  be  taken 
the  eqtial  divisions  D  1, 1  2,  2  3,  3  4,  &c.  then  the  weight  P, 
pliBC^  successively  at  1,  2,  3,  4,  &c.,  will  equi-ponderate  with 
weights  as  W,  suspended  at  B,  which  are,  also,  as  the  numbers  1, 

2,  3,  4,  &c.  respectively.  Moreover,  if  the  divisions  Dl,  1  2,  2  3, 

be  e&ch=CB;  then,  if  Pbe  successively  placed  at  1,2, 

3,  &c.  the  weight  W  to  balance  it,  will  be,  respectively,  equal 
to  P,  2P,  3P,  &«.  that  is  to  1,  2,  3  pounds,  &c.  if  P  is  a  pound. 

For,  \j  the  property  of  the  lever,  CP  x  P-h  CD  x  P  =CB 
XW,  that  is,  PD  X  P  =  CB  X  W.  And  CB  :  PD  ::  P  :  W, 
universally.  Whence,  if  DP  or  Dl  =  CB,  then  V\  =  P.  If 
I>P  or  D2  =  2CB,  then  W  =  2P,  &c.  But  it  CB  be  greater 
than  Dl/1  2,  &c.,  then  will  the  constant  weight  P  be  greater 
than  W,  2W,  &c. 

Theproperties  necessary  for  a  steelyard  to  have,  are  these: 

1.  Ttiat  the  fixed  weight  P  being  placed  at  D,  where  the  divi- 
sions begin,  shall  make  the  beam  in  equilibrio. 

2.  .That  the  divisions  D  1,  1  2,  2  3,  &c.  be  equal  to  one 
another, 

3.  That  C6  may  be'  of  any  length,  provided  the  weight  P  be 
njg^tly  adjusted  to  it,  viz.  so  that  CB  :  Dl  P  :  1  pound,  if  W 
t)e  pounds.    Or  CB  :  Dl  : :  P  :  1  stone,  if  W  be  stones. 

4.  That  the  beam  be  straight,  and  the  upper  edge  in  a  line  with 
the  centres  C,'B. 

.5.,  That  it  move  easily  and  freely  on  its  ceintre  C. 

IVIahy  steelyards  are  likewise  graduated  on  the  under  side, 
wluch  may  be  used  by  turning  them  upside  down.  Generally, 
one  ade  is  for  small  weights,  and  the  other  for  great  ones.  And 
each  side  is  adjusted  by  the  foregoing  rules ;  and  all  the  crooks 
hsmging  at  it  (except  the  moveable  one  fen:  the  weight)  must  go 
to  the  weight  of  the  beam. 

Example  VIII. 

Let  AB        9.  Tl  XVJII.)  be  a  chme  press;  CE,  FG  are 
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leven*  moveable  about  the  points  D,  E,     G,  by  applying 
haod  at  C*    S  the  stone  ot  weip:ht,    H  the  cbee&e. 

If  CD  =  .%  DE  =  %  FG  —6,  GH  =  2,  FR  —  I,  FII  =  4.; 
then*  in  ihe  lever  CE,  D  h  the  fulcmm.  Call  the  power  at 
C,  1 ;  then  the  force  at  E  or  F  is  |.  And  in  the  levet  FG,  whoie 
Hilcrum  is  G,  if  the  power  at  F  be  1,  the  force  at  It  is  Uiere- 
fore  the  power  at  C,  to  the  weight  8,  is  as  I  to  |  x  j  or  3,  Ako 
the  weight  of  the  stone  at  R,  to  the  pressure  at  as  2  to  5,  or  I 
to  f ,  And  the  power  at  C,  is  to  the  pressure  at  aa  1  to  3  x  J 
or  7|, 

Example  IX 

Let  EG  {F%,  PL  SIX.)  be^a  spmning  wheel  Diameter  of 
the  rim  EF  =  Ifl.  Diameter  of  the  twill  ah  ~  2*  Diameter  of 
the  whorle  cd  ~  3  EfiAF  the  band  going  about  the  twilh  EcdF 
the  band  goin^  about  the  whorle.  Therefore,  whilst  iJie  rim  tnak^s 
1  revolution,  the  twill  makes  9,  and  the  whorle  and  feathers  6. 
Therefs>re  there  are  3  ravolutious  of  the  twill,  for  2  of  the  feathers 
And,  consequently,  the  difference  of  the  revolutions  which  is 
1,  13  the  quantity  taken  up  by  the  twill,  whilst  the  thread  tm  is 
twined  by  these  2  revolutions  of  the  feathers.  The  greater  the 
difTerence  of  the  revolutions  of  the  twill  and  feathers,  the  more 
the  wheel  mkcs  up*  And  the  nearer  an  equality,  the  more  shi 
twines  If  they  make  equal  revolutions  in  the  same  time,  site 
will  not  lake  iqi  at  alL  And  if  the  feathers  make  no  reTolutioas, 
she  will  twine  none.  The  greater  the  proportion  of  the  rim  lo 
the  whorle  and  twill,  the  faster  she  will  do  both. 

Example  X.  {F^.  2^  Pi.  XIX.) 

A  machine  to  raise  a  weight  by  the  force  of  the  running  water 
TH,  carry  itkg  the  wheel  LK,  by  means  of  the  floats  F,  F.  Let  the 
diameter  of  the  wheel  LK  be  to  ;  of  GB,  2  ;  of  DC,  Jl  ;  of  AE, 
3.  Let  the  power  of  the  water  against  the  floats  F,  be  1,  Theo 
the  force  at  B,  to  move  the  wheel  CD,  will  be  5 ;  agaiD^  if  Uie 
power  at  be  1,  th^  force  at  A  wiH  be  3  |«  Therefore  the  force 
of  the  water^  to  the  weight  W,  is  as  1  to  5  X  3  or,  &a  1 
to  18 

^hen  the  wheels  and  axles  and  weight  are  so  adjusted^  that  the 
Telocity  of  the  floais  at  F,  is  i  the  velocity  of  the  water  there, 
then  the  weight  W  vfIU  have  the  greatest  motion  of  ascent  possi* 
ble.  For,  if  any  one  thing  be  changed,  whether  ihe  weight  or 
the  diameter  of  any  wheel  or  axle,  whilst  the  rest  remaia  the 
same,  the  motion  will  be  lessened* 

Example  XL  {Fig.  L  PL  XX.) 

In  the  machine  FB,  which  raises  the  weight  by  means  of 
the  wheel  EG,  and  the  perpetual  screw  BE,  let  the  orctim- 


StcUXm.        COMPOUHD  ENGINES. 


in 


foreiioe  described  by  the  power  C  be  30  iodiet,  the  distance  of 
two  tibeads  of  the  perpetual  screw  £,  be  1  inch,  diameter  of 
the  wheel  EG  =  5  feet,  of  DA  =  2.  Tberefore,  if  the  power  at 
C  be  1,  the  force  acting  at  £  to  turn  the  wheel  EG  wiU  be  30. 
And  if  the  power  at  £  be  1,  the  force  at  D  wUl  be  2|.  Theio- 
fore  the  power  at  to  the  weight  W,  is  as  1  to  30  x  24,  or  1  to 
75. 

Note,  it  is  the  same  thinc^  whether  CB  be  straight  or  cvookedy 
whilst  tiie  distance  BC,  in  a  straight  line,  is  the  same ;  and,  in 
measnringy  yon  must  always  take  the  straight  line  BC. 

Example  XIL   (Fig,  2.  PL  XX.) 

In  a  madiine  compounded  of  wheels  to  raise  a  weight,  let 
AB=:  5y  diameter  of  me  barrel  MN  =  2,  the  number  of  teedi  in 
Ifae  wheels  and  nnts,  as  follows;  CD  =  10,  C£  =  40,  FG±: 
11^  FH  ^  50,  RI  =  12,  XL  =  64.  Then  the  power  applied  to 
B,  is  to  the  weight  W,  aslXlOXl2xl2to5x4Cfx50 
X  64  ;  that  is,  as  1440  to  640,000,  or  an  1  to  444 1. 

Bat  if  the  power  was  at  W,  to  move  the  weight  B,  then  the 
ratio  will  be  inverted.  For  then  the  power  wiU  be  to  the  force 
at  B,  as  444  to  1.  Or,  if  the  velocity  of  B  was  required,  you 
wiU  have  the  velocity  of  W  to  that  of  B,  as  1  to  444. 

Example  XUI.   {Fig  1.  PL  XXI.) 

A  machine  to  rai»e  a  weight  by  help  of  the  triangle  ABEF, 
the  windlass  CC,  and  two  piulies  P,  Q.  Let  the  diameter  UG 
where  the  rope  goes,  be  =  2,  radius  CD  :=  5.  Hien,  if  the 
power  at  D  be  1,  die  force  at  H  is  5.  And  if  the  force  at 
drawn  by  one  rope,  be  1,  the  force  at  W  drawn  by  two  ropes, 
win  be  2.  Therefore  the  power  at  D,  to  the  weiffht  W,  is  as  1 
to  2  X  5  or  10.  If  the  leg  AB  be  wanting,  the  other  two  may  be 
set  against  a  wall,  or  upheld  by  ropes,  and  then  it  is  called  a  pair 

of  jAcfTS. 

Example  XIV.  {Fig.  2.  PL  XXI.) 

If  the  weight  A  is  to  be  lifted  the  three  pullies  C,  D,  E,  of 
which  C  is  fixed;  call  the  power  at  B,  1.  Then  the  force 
stietdiing  AE  is  1 ;  and  both  together  are  equal  to  the  force  of 
DE  =  2 ;  and  force  DA  =  2 ;  whence,  force  DC  =  4 ;  like- 
wise, force  CA  =  4.  Therefore  the  whole  force  acting  at  A  is 
1  4.  2  4-  4  =  7,  and  the  power  at  B  to  the  weight  A,  as  1  to 
7. 

Example  XV.  {Ftg.  4.  PL  XXI.) 

In  this  machine,  AACD  is  a  running  rope  fixed  at  D,  B  a  fixed 
pulley.  Let  the  power  at  h  pulling  the  rope  AA  be  1.  Hiat  on 
AC  1,  and  CD  1.  Then  will  AB  be  2,  and  BC  2,  BE  4. 
And  the  w^t  W  opposing  AC,  BC  and  DC,  will  be  1  +  Z 
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-f  1  4.  \ll)ence,  the  power  at  A,  to  the  waght  is  & 
to  4. 

Example  XVI.  {Fig.  3.  PL  XXL) 

Another  machine  with  puHies.  A,  a  fixed  pulley ;  the  endi 
the  several  ropes  are  fixed  at  B,  D,  £.  Suppose  the  powei 
M  =:  1,  then  the  force  on  AF,  FB  is  1 ;  on  FG,  GC,  2 ; 
GH,  HDy  4  ;  on  HI,  IE,  8.  But  the  weight  P  acts  against  I 
IE,  and  is  therefore  zz,  16  :  and  the  power  is  to  the  freight,  ai 
to  16. 

ScHOLii  M. — ^In  a  single  pulley,  (as  Fig,  4.  PI.  TV.)  if  a  gi^ 
power  at  P  was  to  be  a  weight  or  heavy  body,  which  was  to  ra 
some  other  weight  W,  there  will  be  the  greatest  motion  general 
in  \V,  in  any  given  time,  when  W  —  |  P. 

And  in  a. combination  of  pullies,  as  {Fig.  7.  PL  IV.)  if  a  weij 
P  was  to  raise  another  weight  W  ; -and  if  velocity  of  W-  *  veloc: 
ofP::  |P:W;  then  W  will  be  the  weight  which  will  acqo 
the  greatest  motion  in  a  given  time,  by  that  given  power  P. 

Example  X\1I.  {Fig.  2.  PL  XXII.) 

Let  DE  be  a  boat  rowed  by  oars,  and  let  ABC  be  one  o 
Here  the  powers  acts  at  A,  and  the  pin  B  vnil  be  the  fiilcrui 
and  the  force  at  C,  acting  against  the  water,  is  that  which  gii 
her  motion.   Let  the  power  at  A  be  1  ;  then  the  force  at 

by  which  the  boat  is  moved,  is       .  Whence,  the  longer  AB, 

BC 

the  shorter  BC  is, "so  much  more  power  there  is  at  A  to  move  li 
forward. 

Therefore  long  oars  have  the  disadvantage  of  losing  powi 
Yet  the  oars  may  be  too  short,  as  well  as  too  long.  For  if  di 
be  veiy  short,  the  motion  of  the  boat  will  allow  little  time 
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Q,  in  direction  DB,  endeaTOurs  to  turn  the  ship  round  an  axis 
passing  through  O,  with  a  force  which  is  equal  to  the  absolute 
force  BD  X  by  the  distance  CB,  or  CB  X  BD;  and  this  is  the 
forqe  by  which  her  head  is  depressed.  Likewise,  the  force  BC, 
in  direction  BC,  endeavours  to  turn  the  ship  round  an  axis  at  O, 
the  contraiy  way;  and  that  with  the  force  BC  X  distance  BO, 
or  BC  X  BO;  aqd  this  is  the  force  that  raises  her  head.  IjThcre- 
fore  the  force  to  raise  her  head  is  to  the  force  to  depress  it,  as 
CB  X  BO  to  CB  X  BD,  or  as  BO  to  BD. 

Hence,  if  the  point  D  ^1  before  O,  then  the  sail  endea- 
vours to  raise  the  ship's  head ;  if  it  be  behind  O,  it  endeavours 
to  sink  iL  If  it  be  in  it  will  keep  her  steady.  And  the 
height  of  the  sail  AS  contributes  nothing  to  her  progressive  mo- 
tion ;  the  same  ratio  of  the  absolute  to  the  progressive .  force  re- 
mains still  asCD  to  DB. 

Example  XIX.  {Fig,  3.  PL  XXII.) 

EFis  a  cart  or  carriage,  BD  a  rub  for  the  wheel  CAD  to  pass 
over,  AB  the  horizontal  plane ;  DB,  AC  perpendicular,  and  OD 
parsdlel  to  AB.  C  the  centre  of  the  wheel.  Then  the  horizon- 
tal force  required  to  puU  the  wheel  over  the  rub  BD,  is  as 
DO 

And  the  difficulty  of  going  over  rubs  increases  in  a  greater 

ratio  than  that  of  their  heights.  Also  the  higher  the  wheels,  the 
more  easily  they  pass  over  them ;  but  then  they  are  more  apt  to 
overturn.  To  draw  the  cart  with  the  least  power  over  the  rub 
BD,  it  should  not  be  drawn  in  the  horizontal  direction  AB  or 
OD^  but  in  the  direction  AD.  The  advantage  of  high  wheels  is, 
that  they  pass  the  rubs  most  easily,  and  they  have  also  leM  Mic- 
tion, and  sink  less  in  the  dirt,  and  more  easily  press  down  an  ob- 
stacle. But  their  disadvantage  is,  that  they  easily  overturn ;  th^ 
also  make  cattle  draw  too  high ;  for  they  can  apply  tlieir  strength 
best  when  they  draw  low  and  upward,  as  in  the  direction  AD ; 
which  is  the  advantage  of  low  wheels.  .Yet  if  the  wheels  are 
high,  they  may  be  made  to  draw  low,  by  fixing  the  limmers  or 
traces  as  far  below  the  axle  as  you  wUl,  which  will  then  be  an 
equal  advantage  witb  low  wheels.  For  the  nower  not  pulling  at 
the  wheel,  but  at  the  carriage,  may  draw  from  any  part  of  it. 
iTherere  is  another  advantage  in  small  wheels,  that  they  are  better 
to  turn  with. 

A  waggon  with  four  wheels  is  more  advantageous  tlian  a  cart 
with  only  two  wheels,  especially  on  sand,  clay,  &c.  Narrow 
wheels  and  narrow  plates  are  a  disadvantage ;  the  broader  the 
Wheels,  the  less  they  sink,  and,  therefore,  require  less  draught, 
and,  also,  cut  the  nxids  less ;  yet  they  take  up  a  great  desd  of 
dirt,  whidi  dogs  the  cstrriage.  Xher^  is  a  great  deal  of  friction  in 
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all  carriages,  as  is  evident  by  the  force  required  to  draw  them 
tipois  plain  ground*  And,  for  that  reason,  experience  cao  only 
infbrm  us,  (low  much  force  is  able  lo  draw  any  caiiriage.  To  make 
the  resist.iTice  as  small  as  can  be,  axles  of  iron,  running  in  brass 
boxes  in  the  wheei  nuves,  ko  the  easieat. 

The  spokes  in  th&  wheeJ  ought  to  be  a  litUe  inclined  ont- 
wards ;  that  when  a  wheel  sinks  into  a  rut,  the  spokes  (bearing 
then  the  greatest  weight)  may  be  nearly  perpendicular  to  the 
borizoni. 

The  underside  of  the  axle-tiee,  where  the  wheel*  run,  cnight  lo 
be  nearly  in  a  right  Sine  ;  if  they  slant  much  upward  towards  the 
ends,  the  wiicei  will  work  agaxnist  the  lin  pin.  Yet  this  cause* 
the  wheels  to  be  further  asunder  at  top  than  at  bottom  in  the  rut^ 
because  the  ends  of  the  axle-tree  are  conicalj  which  in  an  incon- 
reuience* 

ExAMPLi  XX.  (Fig,^.  PL  xxn.) 

Suppose  the  waggon  FG  is  moved  forward,  by  a  power  actii  _ 
within  it.  Wnch  power  turns  the  wheel  DE  by  the  spokes  AUf 
AD  J  &c,  and  DE  turns  the  wheel  IC,  which  carries  the  waggon. 
Let  the  power  at  A  be  1,  then  the  force  actmg  at  K  will  be 

*  aUo,  if  the  power  at  E  be  1,  the  force  at  C,  by  which  the 
BE 

waggon  ia  moved,  will  be  Therefore,  the  power  at  Ap  ^ 

to  the  force  by  which  the  waggon  can  be  moved,  ia  as  1 

DA  X  BE  power  is  to  that  force,  as  DE  x  BC 

DE  X  BC 

DA  X  EB,    It  will  be  the  same  thing,  if,  instead  of  teeth,  the 
wheel  DE  carries  EB  by  a  chain  going  round  them.    You  mmX 
suppose  the  like  wheels  on  the  oppoiiite  sides. 
Hence,  if  the  absolute  force  to  move  the  waggon  without,  be 

DE  V  RP 

the  force  within,  applied  at  A,  to  move  it^  will  be  ^ 

BE  X  DA 

Example  XXI.  {Fig.  1.  FL  XXIH.) 
A  BCD  are  the  saik  of  a  windmill j  all  alike  inclined  to  the! 
common  aaris,  and  facing  the  wind,  and  turning  about  in  tJje 
order  A  BCD,  WC  the  direction  of  the  wind  parallel  to  the 
axis  BH.  Since  WC  is  perpend icnUr  lo  EC,  draw  CF  tn  the  sail 
perpendicular  to  EC  ;  then  the  angle  WCF  will  be  the  angle 
of  incidence  of  the  wind  upon  the  sail.  Therefore  the  force  of 
the  wind  to  turn  the  sails  about  the  axis  EH,  k  as  die  square  of 
the  sine  of  th€  angle  WCF  x  by  ita  cosine.   And  the  force  act- 
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ing  against  the  mill,  in  direction  of  the  axis  EH,  is  as  the  cube 
of  the  sine  of  WCF.  Now,  since  the  force  of  the  wind  to  torn 
the  sails  round,  is  as  S.WCF*  X  cosine  WCF;  therefore,  when 
diat  force  i^  the  greatest,  the  angle  WCF  will  be  54 '  :  44'. 

And  this  is  the  most  advantageous  position  of  the  sails  to  more 
them  from  rest,  and  would  always  be  so,  if  the  wind  struck  them 
in  the  same  angle  when  moving  as  when  at  rest.  But  by  reason 
of  the  swift  motion  of  the  suls,  especially  near  tlie  end  G,  the 
wind  strikes  them  under  a  &r  less  anele  ;  and  not  only  so,  but  as 
the  motion  at  the  end  G  is  so  swm,  it  may  strike  them  on  the 
backside.  Therefore,  it  will  be  more  advantageous  to  make  the 
angle  of  incidence  WCF  greater,  and  so  much  more  as  it  is  fur- 
ther from  E.  Therefore,  at  the  places  ft,  o,  G,  the  tangents  of  the 
angles  ought  to  be  nearly  as  tne  distances,  En,  Eo,  EG.  And^ 
tfaoefbre,  5ie  sails  ought  to  be  twisted,  so  as  at  r  to  lie  more  sharp 
to  the  wind,  and  at  G  almost  to  fece  it.  And  by  that  means  they 
will  avoid  the  back  wind. 

Example  XXII.   {Fig  3.  PL  XXIIL) 

GB  is  a  common  tucking  ptanp ;  GKL  the  handle;  CD  die 
backet;  E,  F'two  clacks  opening  upwards.  When  the  end  L  is 
put  down,  the  end  G  raises  the  sucker  or  bucket  CD,  and  the 
valve  or  clack  F  shuts ;  and  the  water  above  the  bucket  being 
raised,  the  weight  of  tlie  atmosphere  is  taken  off  the  water  under- 
neath in  the  pump.  Then  the  pressure  of  the  external  air  in  the 
jttt  or  viell  MN,  raises  the  water  up  the  pump,  opens  the  valve  E, 
and  ascends  through  the  bole  B  mto  the  body  of  the  pump  DB. 
Again,  when  the  faStodle  L  is  raised,  the  bucket  CD  descends, 
the  valve  F  opens,  and  lets  the  water  ascend  through  it,  and  the 
pressure  of  the  water  shuts  the  valve  £,  so  that  the  water  cannot 
return  through  B.  Then,  whilst  the  end  L  is  put  down  a^ain,  the 
mker  CD  is  raised  again,  together  with  the  water  above  it, 
whilst  more  ascends  through  B.  So  that,  at  every  stroke  of  the 
handle,  water  is  raised  into  the  pump,  till,  at  last,  it  flo^s  through 
die  pipe  H. 

It  the  bucket  CD  be  more  than  thirty  or  thirty-two  foot  from 
the  sor&ce  of  the  water  MN  in  the  pit,  no  water  will  ascend 
above  it ;  for  the  pressure  of  the  atmosphere  reaches  no  hxiher. 
Therefore  it  must  be  always  within  that  distance,  or  this  pump  i& 
useless  for  raising  water. 

The  weight  of  water  which  the  bucket  lifts  at  each  stroke  is 
that  of  a  column  of  water,  whose  height  is  MH,  and  iu  diameter 
dwt  of  the  bore  of  the  .  pump  at  CD,  where  the  bucket  goes. 
Therefore  as  GK  to  KL  ; ;  so  the  power  applied  at  L,  to  that 
wfe^E^  Hwarefoie,  it  simplifies  nothing  where  the  bucket  is  placed^ 
as  to  the  weight  of  water.  If  a  leak  happens  in  the  barrel  of  Uie 
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ixzmp  be)ow  the  bucket  CD,  the  air  will  get  in  and  hinder 
miiiwr  ci  the  pomp ;  If  above  CD,  only  some  will  be  lo 
dMRMK  CD  sbcmid  be  placed  low ;  bat  then  it  will  be  bad 
OMne  at  to  r^oair  iL 

The  Kuckei.  sucker,  or  piston,  is  to  be  surrounded  with  I 
tfitf  to  nt  exactly,  ard  most  moxe  freely  up  and  down  in  i 
baiK'..  and  mu>tl  also.  exaolT  fill  it  Of  vaWes  or  clacks,  soi 
M  tlaiu  m.-de  of  leadier:  others  are  conical:  and  they  must 
&  T«n-  cli>f«.  and  mov«  freely.  To  balance  the  weight  of  wat 
handle  KL  is  commonly  made  heavy,  as  of  iron,  with  a  kn 
u  the  end  L. 

The  Kiwe  of  the  pipe  at  B  should  not  be  too  strait ;  the  wic 
ii  the  more  freely  the  water  ascends,  and  the  easier  the  pui 
wwks.  likewise,  the  longer  stroke  the  pump  makes,  the  mo 
water  is  raised  by  the  same  power,  there  being  less  water  lost, 
^  Talnss  shuaii^. 

C'clchJctkm  of  a  commom  pttmp. 

Supper  I.R.  3  leet :  KG,  8  inches. 

A  =:  IIM  the  height  from  the  water  in  yards : 

100 

Then  the  diameter  of  the  bore  at  D  will  be  =i  ^/  indies. 

And  a  single  petson  will  raise  ^  hogsheads  of  water  in  ] 
MNir.         "  * 

In  many  pomps  for  common  use,  it  is  not  necessary  to  dra 
a  great  quantity  of  water,  and  then  a  smaller  bore  will  sen 
as  three  or  lour  inches :  wfaidi  wiU  make  the  pump  go  so  mui 
the  lifl^ter. 

Example  XXIII.   (f«r- 4-  P/.  XXHI.) 
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Jind  the  same  force  acting  at  D,  its  power  to  push  up  the  scale  is 
CD  X  BE.  And  their  difieience  DB  x  BE  is  the  absolute 
force  to  thrust  down  the  scale.  And  this  force  is  to  tlie  whole 
tilting  force  D£^  as  DB  to  DE.  And  if  D  were  on  the  other 
side  of  C,  the  force  would  still  be  DB  x  BE,  or  CB~+CD  X 
BE. 

-  But  if  the  scale  E  was  not  moveable  about  B,  as  if  it  were 
tied  hythe  cord  DE ;  then  no  force  acting  against  any  part  of  the 
team  FB,  could  have  any  efieot  to  destroy  the  equilibrium. 

Example  XXIV.  {Fig.  5.  Pi,  XXUI.) 

Suppose  a  man  A  standing  upon  the  plank  CB,  supported  only 
kt  the  end  C,  and  pulling  the  end  B  towards  him  by  the  rope  Ed, 
in  order  to  keep  himself  and  the  plank  from  falling. 

Imagine  the  man  and  the  plank  to  be  one  body ;  then  the  action 
and  redaction,  in  direction  £B,  destroy  one  another,  and  his  pull- 
ing does  nothing.  It  would,  therefore,  be  in  vain  for  him  to  en- 
deavour to  support  himself  by  that  force ;  for  both  he  and  the 
plank  must  iall  down  together  towards  D,  by  their  own  weight 

EiAMPLE  XXV.         1 .  PL  XXIV.) 

CD  is  a  machine  widi  two  wheels  fixed  to  an  axis  DF,  round 
.vrfiich  goes  a  cord  GDFE.  There  is  a  power  at  E  endeavouring 
to  draw  the  machine  towards  £,  in  a  direction  parallel  to  the 
horizon  HO,  by  the  cord  EF  going  under  the  axis  DF.  In  the 
radius  AH  of  the  wheel,  take  AB  equal  to  the  radius  of  the  axle 
DF,  towards  H,  because  the  string  goes  below  it.  Then  the  force 
to  move  the  machine,  is  the  same  as  if  the  string  was  fixed  at  B ; 
where  H  is  the  fulcrum,  A  the  weight.  Then  the  force  to  move 
the  machine  tov^ards  E,  with  the  given  power  ^  will  be  as  BH. 
Therefore,  it  would  be  in  vain,  by  pulling  at  the  string,  to  endeavour 
to  OWike'  the  body  i^oU  towards  D,  the  contrary  way.  But  if  DF 
was  greater  than  the  diameter  of  ^^e  wheel,  that  is,  if  B  falls 
beyond  H,  then  .the  force  drawing  towards  £,  would  move  the 
body  towards  D  the  contrary  way. 

If  the  direction  of  the  power  D£  be  elevated  above  the  horizon, 
as  fiy  then  the  machine  cquld  approach  or  recede,  till  the  direc- 
tion of  the  ^ng  e/'foU  upon  the  point  of  contact  H,  and  there  it 
would  rest. 

Example  XXVI.  (Fig.  2.  PL  XXIV.) 

'  AB  is  an  artificial  kite,  kept  up  by  the  wind  blowing  in  direc- 
tion WC.   By  drawing  the  string  AIBIH,  fixed  at  A  and  B,  the 
Kite  wHl  gain  sudi  a  position,  that  HI  produced  will  pass  through 
centreof  gravis  of  its  surifioe  at  C.  Draw  CO  perpendicubr 
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to  BA,  wad  DO  petpendicular  to  the  horizon  HO.  Then  OC 
the  direction  of  the  tl-rce  of  the  wind  acting  against  the  kite ;  i 
the  force  of  the  wind  to  keep  her  up,  is  as  the  square  of  the  i 
of  the  angle  ACW  or  COD.  Now,  if  DO  represent  the  gi^ 
weight  of  the  kite,  CO  will  he  the  force  of  the  wind  acting  agai 
her,  and  CD  the  force  pulling  at  the  string.  The  tail  £F  (wit! 
hullet  F  at  the  end)  being  always  blown  from  the  wind,  keeps  1 
head  always  towards  the  wind. 

As  the  direction  of  the  thread  always  passes  through  C,  the 
fore  the  angle  ACH,  and,  consequently,  nCO,  will  always  be  i 
same  at  all  altitudes.  And  she  can  never  ascend  so  high,  till  i 
angle  of  altitude  CHO  be  equal  to  ACH.  And  hence  it  folloi 
that  the  less  the  angle  HCO  is  made,  the  higher  she  will  ri 
And,  likewise,  the  greater  the  wind  is,  or  the  lighter  the  ki 
ceteris  paribus^  the  higher  she  will  rise. 

After  a  like  manner  a  machine,  as  ab  [Fig,  3.  FU  XXIV.),  m 
be  contrived,  to  keep  at  the  top  of  a  running  water,  bein^  held 
the  string  de  tied  to  a  stone  and  sunk  to  the  bottom :  a6  is  a  di 
board,  b  a  piece  of  lead  to  sink  the  end  by  but  the  whole  must 
lighter  than  water,  cd  an  iron  pin  fixed  at  C.  Or  the  ma^ 
may  have  a  loose  tail  at  6,  heavier  than  water,  as  in  the  kite. 

Example  XXVH.    {Fig,  4.  P/.  XXIV.) 

If  AB  is  a  machine  to  be  moved  by  a  power  acting  at  C  out 
the  machine,  in  direction  DC.  DF,  Gl  two  levers  within  t 
machine,  moveable  about  the  two  fixed  folcrums  £,  H. 

Call  the  power  at  C,  1 ;  then  the  force  at  F  to  move  the  levi 

GL  is  .  Then  if  the  force  at  F  be  1,  that  at  the  obstacle 
«/  EF 

GH 

fsnX  of  the  machine  is  Tberefofe,  if  the  wwer  at  C  ba^ 
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power  1  must  be  added  tothe  force  at  I,  and  the  whole  is 
ibe  tone  urging  forward  the  machine. 

Henoe,  if  Uie  ahsolute  direct  force  to  move  the  machine  be 
ly  the  power  applied  at  D,  whidi  is  able  to  move  it,  will  be 

 ^  ™  Bat  if  the  power  at  D  act  within 

D£  X  GH  —  £F  X  HI  ^ 

EF  \c  HI 

iSbm  madiine.  this  power  conld  only  be  ;  since  theie  is 

■  ^     DE  X  GH 

then  no  force  to  be  deducted  for  dramngback  the  machine. 

Example  XXVni.  (Fig.  5,  PL  XXIV.) 

DABH  is  a  wooden  hrkke.  AC,  AD,  AB,  BH,  BO,  beams  of 
timber.  DE,  EL,  SR,  RH,  braces  to  strengthen  the  angles  A,  B. 
The  stress  upon  any  of  the  angles,  is  ceteris  paribuM^  so  much 
greater,-  as  the  angle  is  greater.  But  the  strength  on  any  an^e  A, 
is  as  the  jwrpendicular  AP. 

Example  XXIX.  {Fig.  1.  PL  XXV.) 

AB  a  sailing  chariot.  CDEF  horizontal  sails,  so  contrhred 
that  the  sails  D  fiudng  the  wind  may  expand,  and  those  gmng 
from  die  wind  may  contract  The  sails  are  turned  about  by  the 
wind  coming  from  any  point  of  the  compass.  These  sails  turn 
the  axis  and  trundle  GH.  And  the  trundle  turns  the  wheel  IL 
by  the  cogs  in  it ;  therefore  the  chariot  may  move  in  any  di- 
rection.  K  is  a  rudder  to  steer  ¥dth. 

Suppose  the  chariot  to  go  against  the  wind.  Let  D  be  the 
centre  of  pressure  of  the  two  sails  C,  D,  the  wind  blows  on.  And 
let  the  power,  (that  is  the  force  of  the  wind  acting  a^nst  tho 
sails)  be  1,  then  the  force  acting  against  the  teeth  in  IL,  is 

•  And  this  force  being  1,  the  force  at  L  is  also  1.  There- 

OH 

fore  the  power  at  D  to  the  force  at  L,  is  as  1  to        ;  or  as  OH 

*^  ^  OH 

to  GD.  Now,  since  the  mast  is  strained  by  the  power  falling  on 
the  sails,  therefore,  by  this  power  OH,  the  chariot  is  urged 
backward.  And  by  the  force  at  L,  which  is  GD,  it  is  urged 
forward.  Let  R  be  the  force  of  the  wind  upon  the  body  of  the 
diariot,  together  with  the  friction  in  moving.  Therefore,  if  GD 
is  greater  than  the  radius  OH  +  R,  the  chariot  will  move  for- 
ward against  the  wind ;  if  less,  backward.  But  if  they  be  equal, 
it  will  stand  still. 

Example  XXX.  {Fig.  2.  PL  XXV.) 
FG  a  chariot  or  waggon  to  sail  against  the  wind.   S  the  sails 
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of  a  windmill,  turning  in  the  order  1,  2,  3.   As  the  sails 
round,  the  pinion  A  moves  B,  and  the  trundle  C  moves  D  whi 
has  both  teeth  and  cogs.    D  by  its  teeth  moves  £,  and  the  tni 
die  £  fixed  to  the  axle-tree  carries  round  the  wheels  H,  I,  whi 
move  the  waggon  in  direction  HO. 

The  sails  are  set  at  an  angle  of  45°,  so  the  force  to  turn  the 
and  the  force  m  direction  of  the  axis,  will  be  equal.  This  wi 
goD  will  always  go  against  the  wind,  provided  you  give  the  sa 
power  enough,  by  the  combination  of  the  wheels.  But  then  b 
motion  will  be  so  much  slower. 

-    Example  XXXI.  {Fig.  1.  PI.  XXVI.) 

Let  AB  be  part  of  a  rope,  cd,  cd,  Sfc.  the  particular  stran 
running  about  m  a  spiral  manner.  Let  FH  be  the  axis  of  1 
rope,  the  angle  GUI  or  IIFK  the  obliquity  of  the  stranc 
Draw  KH,  GH  parallel  to  FG,  FK,  and  draw  GEK.  Th 
the  tension  of  the  rope  in  direction  IIF,  is  to  the  stress  on  : 
the  strands  in  direction  FG,  as  FH  to  FG  +  FK  or  FG  +  G. 
that  is,  as  EF  to  FG.  Therefore,  the  absolute  force  by  whi 
the  rope  is  stretched,  is  to  the  strain  or  stress  upon  all  t 
strands,  or  upon  the  twisted  rope,  as  FE  is  to  FG ;  and  so  is  t 
length  of  any  part  of  the  rope,  to  the  correspondent  length  of 
strand. 

Hence,  ropes  the  )east  twisted  are  strongest  and  bear  the  mc 
weight;  and  the  harder  they  are  twisted  the  sooner  th^  n 
break.  And,  for  the  same  reason,  if  they  be  double  twisted,  th 
will  be  weaker  still.  But  as  it  is  very  difficult  to  make  all  t 
fibres  pull  equally  without  twisting,  and  impossible  to  make 
rope  hold  together  without  it,  therefore  it  is  necessary  it  have 
much,  as  to  prevent  the  fibres  from  drawing^  out;  and 
small  degree  will  not  much  impair  its  strength.  A  rope  co 
sisting  of  several  strands,  is  thicker  when  twisted,  than  when  q 
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the  Golmim  of  vntex  BC  beinggreater  than  that  of  BD,  the  piet* 
Bine  at  C  is  greater  than  at  u ;  and  the  pressure  of  the  atmos- 
jdiere  being  the  same  at  D  and  C,  therefore,  the  greater  weight 
at  C  will  make  it  flow  out  there,  whilst  the  pressure  of  the  atmos- 
phere at  D  forces  more  water  up  the  tube  DB ;  and  so  keeps  it 
oontimiaUy  running  as  long  as  there  is  aiw  water,  and  the  end  C 
continues  lower  t£in  the  surface  at  D.  But  if  C  is  higher  than 
the  water  will  return  back  into  BD.  But  if  the  height  DB 
ezeeed  the  pressure  of  the  atmosphere,  which  is  30  or  32  feet, 
&en  it  cannot  be  made  to  flow  out  at  the  end  C ;  or  if  there  be  a 
holfi  in  the  syphon  higher  than  the  surfiu:e  at  D,  die  air  will  get 
in,  and  the  water  will  return  through  BD.  Or  if  the  syphon  be 
▼ecy  wide,  the  air  will  insinuate  itsSf  into  the  end  C,  between  the 
water  and  the  tube,  which  will  hinder  it  from  running.  To  prer 
Tent  which,  the  end  C  may  be  immersed  into  another  vessel  of 
water,  lower  than  the  surface  at  D.  If  the  ends  of  the  syphon  be 
turned  up,  as  F,  G,  then  the  water  will  remain  in  the  syphon, 
after  it  hais  done  working,  which,  in  the  other,  will  all  run  out. 

Example  XXXIII.  (1%.  3.  PL  XXVI.) 

CDLF  a  vessel  of  water ;  AB  a  tube  open  at  both  ends,  and 
about  i  indi  diameter.  A£  a  quantity  of  mercury  put  into  the 
tube.  Then  stopping  the  end  B,  let  the  other  end  A  he  immersed 
deep  enough  in  the  water.  Then  opening  the  end  B,  the  mer- 
cury will  sink  so  deep  in  the  tube,  till  the  height  of  the  water  AB 
be  14  times  the  height  of  the  mercury  A£,  and  then  the  mercury 
will  be  at  rest. 

For,  the  specific  gravities  of  water  and  mercury  being  1  and  14, 
the  column  of  water  AB  will  be  equal  in  weight  with  the  column 
of  mercury  AE.  Therefore  the  pressures  at  A  being  equal,  they 
will  sustain  one  another. 

Example  XXXIV.  {Fig.  4.  FL  XXVI.) 

A,  B,  are  two  barometers;  erf  is  a  tube,  its  bore  J  or  i  inch 
diameter,  at  least,  close  at  top,  and  communicating  with  the  vessel 
C,  with  mercury  in  it.  C  is  open  to  the  external  air.  The  use 
of  this  instrument  is  to  shew  the  weight  of  the  atmosphere,  and 
its  variations.  This  tube  and  vessel  with  mercury,  is  put  into  a 
frame,  and  hung  perpendicular.  Near  the  top  of  the  tube  is 
placed  a  scale  of  incnes,  by  which  the  height  of  the  mercury  in 
Uie  tube  is  known,  and,  likewise,  a  scale  for  the  weather.  At  the 
top  of  the  tube,  above  the  mercury,  is  a  vacuum.  Now,  the  at- 
mosphere piessing  upon  the  surface  of  the  mercury  at  C,  keeps 
the  mercury  suspended  at  the  height  rf  in  the  tube,  which,  there- 
fore^ will  be  higher  or  lower  according  to  the  weight  of  the  atmos- 
^betfi.  The  height  of  the  mercury  in  the  tube  is  generally  28,  29, 
or  30  inches ;  seldom  more.   If  any  air  get  into  the  tube,  it  spoils 
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the  madime.  Lest  the  quicksilver  stick  to  the  glass,  it  is  gooi 
drum  m  Ktde  with  the  fingers  upon  it,  in  noaking  any  observat 


and  stands  highest  in  s^ene,  sunshiny,  droughty  weadier ;  anc 
calm  frosty  weather  it  generally  stands  high.  In  thick  foggy  ¥ 
thcr  it  often  rises. 

2.  The  fiJling  of  the  mercury  denotes  foul  weather.  It  gc 
rally  fidls  or  stands  low,  in  rainy,  windy,  or  snowy  ueather. 

3.  In  windy  weather  the  mercury  ihnks  lowest  of  all,  and  ri 
fibst  after  storms  of  wind. 

4.  In  very  hoi  weather,  the  falling  of  the  mercury  foresbi 
thunder. 

5.  In  winter,  the  rising  foretells  frost ;  and  falling,  in  fro 
weather,  foretells  thaw. 

6.  In  continual  frost,  the  rising  presages  snow.  At 
times,  it  generaly  fidls  in  :inowy  w«ither. 

7.  When  the  mercury  rises  after  rain,  expect  settled  serenii 
if  it  descends  after  rain,  expect  broken  showery  weather. 

8.  ^^'hell  foul  weather  happens  soon  after  the  fidling  of  I 
mercun*,  or  fair  weather  after  its  rising,  expect  b  t  little  of  it. 

9.  In  foul  weather,  rising  fSist  and  nigh,  and  continuing  sa  t 
or  three  days  before  the  foul  weather  be  quite  over,  expect  a  ec 
tinuance  of  fiiir  weather  to  follow. 

10.  In  fair  weather,  falling;  fest  and  low,  and  continuin^^wo 
three  days  before  the  rain  comes,  expect  a  great  deal  of  w€t,  an 
probably,  high  winds. 

1 1 .  Unsettled  motion  of  the  mercury  denotes  unsetded  weatb 

12.  The  ^reaiest  liei^ht  of  the  meitrtifj^^ijr  upon  easieKy  ai 
piOftb-e^au^L^rly  vvin>r)s, 


RmUb  jbr  obtercatkm  of  the  weafher. 


1.  Tbe  rising  of  the 


fair  weather.  Itr 
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spout  to  that  height  above  the  water  io  C,  nearly.  But  the  pipe 
leading  to  D  must  be  turned  curve. 

Example  XXXVI.  (J^.  6.  PL  XXVI.) 

AB  is  a  dart  or  an  arrow;  at  A,  three  or  four  feathers  are 
placed  nearly  in  planes  passing  Uirough  the  arrow.  If  the  fea- 
thers were  exactly  in  this  plane,  the  air  could  not  strike  against 
thie  feathers,  when  the  arrow  is  in  motion.  But,  since  they  are 
not  set  perfectly  straight,  but  always  a  little  aslant,  whilst  the  ar- 
row moves  forward,  the  air  strikes  the  slant  sides  of  the  feathers ; 
'by  which  force  the  feathers  are  turned  round,  and  with  the  fea- 
thers the  arrow  or  reed.  So  there  is  generated  a  motion  about 
the  axis  of  the  arrow,  which  motion  will  be  swifter  as  they  stand 
more  aslant.  This  motion  is  like  the  motion  of  the  sails  and  axle 
of  a  windmill,  turned  round  by  the  wind.  The  head  B  is  made 
of  lead  or  iron,  and  will,  therefore,  go  foremost  in  the  air;  and 
the  feathered  end  A  &e  hindmost  as  being  lighter.  An  arrow 
wiU  fly  about  sixty  yards  in  a  second. 

Exaiip£e  XXXVII.  (1%.  7.  PL  XXVI.) 

AB  is  a  vessel  which  keeps  its  liquor  till  filled  to  a  certain 
hei^t;  aiid  if  filled  higher,  lets  it  all  run  out.  EFG  is  a  crooked 
pipe,  or  crane,  open  at  bodi  ends.  If  water  be  poured  into  the 
vessel,  it  will  continue  in  it  till  it  rises  above  F,  and  ascend  to 
the  same  height  in  the  pipe  £F.  But  rising  above  F,  the  pressure 
at  E  will  make  it  run  out  through  the  pipe  EFG,  till  the  surfece 
of  the  fluid  descends  as  low  as  E.  This  is  sometimes  called  Tan^ 
tahiig  ctjp.  The  fimnel  EFG  may  be  put  in  the  handle  of  this 
cup,  which  will  look  neater. 

Example  XXXVIU.  {Fig.  1.  PL  XXVU.); 

BC,  CG  are  two  bones  of  an  animal,  moveable  about  the  joint 
FK,  by  help  of  the  muscle  KD.  The  joints  of  animals  are  either 
spherical  or  circular,  and  the  cavity  they  move  in  is  accordingly 
either  spherical  or  circular.  And  the  centre  of  motion  is  in  3ie 
oeotre  of  the  sphere  or  circle,  as  at  C.  Let  W  be  a  weight  hang- 
ing at  B,  and  draw  CP,  CK  perpendicular  to  BW,  KD.  Then, 
if  ttie  weight  W  be  suspended  by  the  strength  of  the  muscle  KT>, 
it  will  be  as  CK  :  PC  : :  W  :  tension  of  the  muscle  KD. 

The  bone  BC  is 'moved  about  the  joint  FK,  by  the  strength  of 
the  muscle  KD.  For  when  the  muscle  is  contracted,  the  point  K 
is  moved  towards  D,  and  the  end  B  towards  E,  about  the  im- 
moveable centre  of  motion  C.  The  strength  of  the  muscles  is 
flurprisiiip;ly  great. 

BoreUi,  (in  his  book,  De  Moiu  ArumaUum,  Part  I.  Prop.  XXII.) 
o 
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CQiapiibei  die  force  of  tke  muscles  to  be&d  the  am  at  the  elbow, 
and  saj5,  %  stfoog  young  fellow  caa  sustain  at  arm's  end  a  mgbl 
of  38  lb,,  taking  in  the  weight  of  the  arm.  And  he  fioda  ui 
letkgth  of  CB  to  CH  to  be  io  a  greater  proportion  than  ihal 
twtnty  to  one.  Whence,  be  iafera  the  strength  of  these  muscle  to 
be  so  greftt^  as  to  bear  a  stretch  at  lea^t  of  o60  tb. 

It  is  evident,  th«t  alt  atiitn^  bodies  are  machiiies.  For  ^t 
ue  the  bones  hut  levers^  moved  by  a  certain  power  placed  in  tfae 
mmdes,  which  act  aa  so  many  ropes,  pulling  at  the  bones,  ftiid 
tnoving  them  about  the  joinls  ?  Every  joint  representipg  the  fid- 
cnim,  or  centre  of  motion.  What  are  all  the  vessels  but  lubei, 
inhich  contain  fluids  of  diflerent  sorts,  destined  for  the  use  or 
motion  of  the  several  parts  of  the  machine  I  and  which,  by  open- 
ing or  shutting  certain  vmlves,  let  out  or  retain  their  conieotSp  as 
oeeasion  recjuiies  ;  or  convey  them  to  distant  places,  by  otti€r 
tubes  commumcating  therewith.  And,  therefore,  all  these  motiaiii 
of  an  animal  body  are  subject  to  the  general  Laws  of  mechames. 

Example  XXXIX.  {Fig.  2.  PL  XXTO.) 

1^  motion  of  a  mmi  walking^  ninning,  &c.  wdl  easily  be 
tfiOOfimted  for*  Let  us  first  suppose  a  man  sitting  in  a  chair;  he 
WHMt  tise  from  his  seat,  tiil,  by  thrusting  his  head  and  body  for- 
imitindbis  feet  nml  legs  bat^kward,  the  line  of  direction,  or  ihe 
perwidicitilar  &om  the  centre  of  granly^  pass  through  his  feet,  us 
iba  Mse.  Likewise,  when  we  stand  upon  our  feet,  the  litie  of 
^inetion  must  fall  between  our  feet ;  otherwise^  we  cannol  stand, 
bnlttmst  iull  dmra  towards  the  side  the  centre  of  gravity  liei  oti. 
4kmA  wbai  a  taaa  stands  firm  upon  his  feet,  tiis  leg^i  make  an 
llQoelcs  trianfleip  the  centre  of  grairity  lying  between  th^,  And 
then  be  is  not  supported  by  the  strength  of  the  muscles^  but  by 
the  bones  of  the  legs  and  thigb^,  whidi  then  stand  in  a  right  line 
with  one  another. 

When  a  man  AC  endeavours  to  walk,  be  first  exiends  his  hind- 
most  kg  and  foot  S  almost  to  a  right  Une,  and,  at  the  same  time, 
bends  a  little  tlie  knee  II  of  his  foie-leg,  Tbu^  his  hind4eg  is 
lengthened^  and  his  fore-leg  shortened ;  by  this  meaus^  his  body 
is  moved  forward,  till  tlie  perpendicular  &om  the  centre  of  gmvil^^ 
as  AV  falls  beyond  the  fore-foot  B ;  and  tben^  being  ready  to  fiifi, 
he  presently  prevents  it,  by  taking  up  the  hind-foot,  and  by  bend- 
ing the  joints  of  die  hip,  knee,  and  ancle^  and  suddenly  translating 
it  forward  to  beyond  the  centre  of  gravity ;  and  thus  he  gains 
ft  new  station »  Atiar  the  same  manner,  by  extending  the  foot  an4 
leg  HB,  and  thrusting  forward  the  cenire  of  gravity  beyond  the 
foot  and  ^en  translating  the  foot  B  forward,  he  gains  a  third 
station.    And  thus  is  walking  continued  at  pleasure. 

llis  two  fact  do  Qot  go  in  one  right  UaSi  bt|l  m  twp  lioes  paraU 
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Id  to  one  another.  Tlieielbiey  a  man  walking  baa  a  libratorr 
motion  from  one  side  to  the  odier ;  and  it  is  not  possible  to  wall 
in  t  ilgiit  line. 

WaBdn^  on  plain  gronnd  is  easy,  pleasant,  and  perlonned  with 
little  labonr.  Bnt  in  going  up  hill  is  Tery  laboriousy  by  reason  of 
die  great  flexure  of  the  ioints  required  to  ascend,  and  their  suffer- 
ing inoie  stress  from  me  weight  of  the  body  in  that  position. 
Descending  down  hill  is,  for  tlK  same  reason,  more  laborious  than 
waUcing  on  plain  ground,  but  not  so  bad  as  ascending. 

The  wallung  of  birds  is  not  unlike  diat  of  men ;  only  their 
weis^  is  entirely  supported  by  tiie  strength  of  the  muscles,  since 
Iheir  joints  are  always  bent  Also,  ^ir  feet  go  in  two  parallel 
lines* 

A  man,  in  walking,  dways  sets  down  one  foot  before  the  other 
betaken  up;  and,  therefore,  at  every  step  he  has  both  feet  upon  the 
ffronnd.   But,  in  running,  he  nerer  sets  one  down  till  the  other 

npu  So  thai  at  each  step  he  has  but  one  foot  upon  the  ground, 
and  all  ihe  intermediate  time  none.  A  good  footmau  will  run 
400  yards  in  a  minute. 

Sample  XL.  {Fig.  S.  PL  XXVII.) 

When  a  beaii  stands,  the  line  of  gravity  must  fell  within  the 
iquadrilateral  made  by  pis  four  feet.  And  when  he  walks,  he 
has  always  three  feet  on  the  sround,  and  one  up.  Suppose  he  first 
tdces  up  the  hind-foot  from  C.  Before  he  does  this,  dv  extending 
his  leg  rackwards,  he  thrusts  forward  his  body  and  the  cen^  m 
mTitjr ;  then,  taking  up  die  foot  from  C,  he  mores  it  forward  to  F. 
Then  he  inunediately  takes  up  the  fore-foot  from  B  on  the  same 
aide,  and  carries  it  to  H ;  then  he  takes  up  the  hind-foot  D,  and 
translates  it  forward ;  and  then  the  fore-foot  at  A  ;  then  F  again, 
uad  to  on. 

When  he  trots,  he  takes  up  two  together,  and  sets  down  two 
together,  diagonally  opposite. 

When  he  gallops,  he  takes  up  his  feet  one  by  one.  and  seta  them 
down  one  by  one ;  though  some  animals  strike  with  the  two  fore- 
feet nearly  at  once,  and  the  two  lund-feet  near  at  once ;  and  have 
not  above  two  feet  on  die  ground  at  once.  A  good  horse  will  run 
half  a  mile  in  a  minute. 

Animals  with  six  or  more  feet,  take  up  the  hindmost  first ;  dien 
die  next,  and  then  the  next  in  order,  to  the  foremost,  all  on  one 
side;  and  after  that,  all  the  feet  on  the  other  side,  in  die  same 
order,  beginning  at  the  last  If  they  were  to  take  up  the  foremost 
first,  the  animaU  would  move  backward. 

Example  XLI.        4.  PL  XXVn.) 
AD  is  a      flying  in  the  air,  by  help  of  the  wings  F,  T,  and 
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the  tail  C.  The  stracture  of  their  wings  »re  sudi,  that,  in  atriki 
downward,  they  ex^iand  to  their  greatest  breadth,  and  become 
miwt  two  planes,  being  something  hollow  on  the  under  side.  A 
these  planes  are  not  then  horiiontal,  but  inclined,  so  that  the  hi 
part  K  is  higher  than  the  fore  part  DFG.  But  in  moving 
wings  upward,  to  fetch  a  new  stroke,  they  go  with  the  edge  Dl 
foremost,  and  the  wings  contract  and  become  hollow.  Tfa 
bodies  are  specifically  lighter  than  men  or  beasts.  Their  boi 
and  feathers  are  extremely  porous,  hollow,  and  light.  The  ro 
cks,  b%'  which  their  wings  are  moved  downwards,  are  exceed 
lance,  being  not  less  than  a  sixth  part  of  the  weight  of  the  wh 
body.  AVhen  a  bin!  is  upon  the  ground  and  intends  to  fly, 
takes  a  large  leap ;  and  stretching  his  wings  right  from  his  bm 
he  strikes  them  downwards  with  great  force,  by  which  they  \ 
pat  into  an  oblique  position ;  and  the  resistance  of  the  air  acti 
strongly  against  them  by  the  stroke,  impels  them,  and  the  bird, 
a  direction  perpendicular  to  their  planes ;  which  is  in  an  oUii] 
direction,  or  partly  upwaids,  and  partly  horizontally  forvrard :  \ 
part  of  tiie  force  tending  upwards  is  destroyed  by  the  weight 
the  bird ;  the  horizontal  force  serves  to  carry  him  forward.  1 
stroke  being  over,  he  moves  his  wings  upwards,  which  being- c( 
tracted,  and  turning  their  edges  upward,  they  cut  through  Uie 
without  any  resistance,  and  being  sufficiently  elevated,  he  takes 
second  stroke  downwards,  and  the  impulse  of  the  air  moves  h 
forwards,  as  before.  And  so  from  one  stroke  to  another,  whi 
are  only  like  so  many  leaps  taken  in  the  air.  When  he  hu 
mind  to  turn  to  the  right  or  left,  he  strikes  strongly  with  the  epf 
site  wing,  which  impels  him  to  the  contrary  side.  The  tail  a< 
like  the  rudder  of  a  ship,  except  only  that  it  moves  them  upwai 
or  downwards,  instead  of  sideways,  because  its  plane  is  honzont 
If  a  bird  wants  to  rise,  he  puts  liis  tail  m  the  poaition  LH;  oi 
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mc^  a  weight  For,  io  a  man,  they  are  not  ^  60th  part  of  the 
reftt  of  the  mnadfli  of  the  body ;  but,  in  a  bird,  they  are  more  than 
aU  Che  others  pat  together. 
-  Some  birds  will  fly  1000  yards  in  a  minute. 

Example  XUI.  {Fig,  5.  FL  XXVH.) 

AB  is  ^jUh  swimming;  which  he  does  by  help  of  his  fint 
and  tail.  A  fish  is  nearly  of  the  same  specific  gravity  as  water; 
and  most  fish  have  a  bladder  L,  which  they  can  expand  or  con- 
tract, and  so  make  themselves  lighter  or  heavier  than  water,  in 
oilder  to  rise  or  fell  in  it.  The  muscular  force  by  which  the 
1^  is  moved  is  ver^  great.  The  direct  motion  of  a  fish  is  by 
means  of  his  tail  BuD  moving  from  one  side  to  the  other,  wi& 
a  Vibrating  motion,  which  he  performs  thus.  Suppose  his  tail 
in  the  positicm  FG,  being  about  to  move  it  successively  to  H, 
I)  and  K;  he  turns  the  end  G  oblique  to  tlie  water,  which 
bein^  moved  swiftly  through  it  in  that  position,  the  resistance 
of  th«  water  acts  obliquely  against  his  tail,  and  moves  him  partly 
forwud  and  partly  laterally.  The  lateral  motion  is  corrected, 
die  next  stroke,  the  contrary  way ;  but  the  progressive  motion 
is  oontinued  alwa3rs  forward.  When  his  tail  is  arrived  at  K, 
he  turns  its  obliquity  the  contrary  way,  that,  in  moving  back  to 
G,  it  may  strike  the  water  in  the  same  manner  as  before.  And 
tinis  be  makes  one  stroke  after  another,  and  moves  forward 
hereby  as  ftir  as  he  pleases.  The  oblique  position  of  hia  tail 
is  mostly  owing  to  the  elasticity  of  his  tail,  which,  by  bending, 
is  put  into  that  form  by  the  resistance  of  tlie  water.  They  can 
exert  a  very  great  force  with  their  tail,  and  which  is  necessary, 
to  overcome  &e  resistance  which  their  bodies  meet  with  in  the 
water.  By  help  of  the  tail,  thev  also  turn  to  one  side,  by  strik- 
ing strongly,  with  it  on  that  side,  and  keeping  it  bent,  which 
then  acts  lUce  the  rudder  of  a  ship.  The  fins  of  a  fish  serve  to 
keep  him  upright,  especially  the  belly-fins  £,  which  act  like  two 
foet ;  without  them  he  would  swim  wi&  his  belly  up,  for  his  centre 
of  ^vity  lies  near  his  back.  His  fins  also  help  him  to  ascend  or 
dewend,  by  expanding  or  contracting  them,  as  he  can  with  plea- 
sure, and  so  putting  them  in  a  proper  position.  His  tail  will  also 
help  him  to  rise  and  fall,  by  inchning  it  obliquely,  and  turning 
it  a  little  from  an  erect  position  to  one  side.  Fish  can  swim  but 
slow,  yet  some  of  them  will'  svnm  seventy  or  eighty  yards  in  a 
minute ;  but  they  soon  tire. 

Brutes  can  swim  naturally,  for  they  are  specifically  lighter  than 
water^  and  require  to  have  but  a  small  part  of  their  head  out  for 
Ineirthing.  Also,  they  naturally  use  their  legpi  in  swimming,  after 
the  fame  manner  as  they  do: wfagad  w^mg. 
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Birds-  swim  resj  oslj,  bong  wtadt  U^bier  than  waler;  an 
roartilj  move  tbenadvci  aloBg  indi  &eir  wA  feet 

Men  CUmOt  Sldin  Tintn^lly^  riwigh  thmjn^  «pPwlM»aHy 

thanmter.  For  their  heads  m  ray  laife,  and  reqwie  to  be  a 
most  all  out  of  the  water  ibr  brealfaing.  And  their  way  of  strikn 
has  no  relation  to  that  of  walking.  Men  attain  die  ait  of  swinunii 
by  practice  and  iDdustn-.  And  this  art  consists  in  striking  altc 
BAtelT  with  the  hands  and  Ibet  in  the  water,  which,  like  oars,  will  to 
him  forward.   When  he  strikes  widi  his  hands,  he  neither  keeps  d 

ems  parrild  dot  perpendimlar  to  the  horiion,  bat  indined,  Ai 
hazids  striking  tiie  water  obliqc)elT,the  resistance  of  the  wall 
XBffres  him  partly  upward,  and  partly  forward.  Whilst  his  ban 
are  atriking,hegradxiallTdraw5iiphisiaet;  and  when  the  stroke 
Ub  arms  is  ai«r,  he  strikes  with  his  fe,  by  extending  his  legi,ai 
tfamsting  the  soles  of  his  feet  Ml  agaiiist  the  water.  And  whi 
he  saxikes!  with  his  legs,  he  brings  about  his  'arms,  fiv  a  ne 
stroke,  and  90  an  ahernatdy.  He  must  keep  his  body  a  litt 
ohliqoe,  be  may  more  easily  ezm  his  head,  and  keep  his  moo 
above  wter. 

After  the  same  manner  may  the  motiocs,  Telocities,powen^  ai 
properties  of  any  machine  be  explained  and  accotmtea  for,b^  m 
rhaTiira]  principles.  I  shall  proceed  to  lay  down  a  short  deacnptk 
of  sev«nl  other  machines,  wiihoat  being  so  paiticnlar  in  the  calo 
laxion  of  dieir  porwers  and  forees.  The  mwAainsin  of  which  beii 
nuderstood,  will  assist  the  indention  of  the  practical  medumc^i 
cdBtrinng  a  machine  ibr  any  nse. 

Example  XT.TTT,  {Ftg.  1.  PL  XXVDI.) 

AB  a  madiine  10  raise  a  weiriit,  and  slay  it  in  any  position.  C. 
n  roller  turned  by  the  handle  £.  To  the  roller  is  fixed  tl 
racket  wheel  F.   GU  is  a  caicb  made  of  metal,  moTeable  9bon 
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Example  XLV.  (Fig.  3.  PL  XXVUI.) 

CD  another  madnne  to  stay  a  wtisht  fai  any  pMition.  Hut 
is  mdy  a  cylinder  of  wood,  upon  which L  cot  a  channel  for  the  rape 
tojo  in.  If  the  weight  Bbe  lifted  up,  and  A  pulled  down,  then  B 
win  remain  in  any  given  position,  1^  the  friction  of  the  cylinder 
abdme.  And  tlim  may  be  taken  as  many  turns  of  the  rope  aboot 
the  cy under,  as  there  is  occasion  for. 

EzAMPU  XLVI.  (Fig,  4.  PL  XXVIU.) 

C  is  a  dock  weight  canying  the  wheels  A  and  B.  D  the 
counterpoise.  F  a  pulley.  ADBFA  an  endless  cord.  When 
the  weight  is  down,  draw  the  cord  O,  till  the  weight  C  riseto 
the  top;  then  the  catch  e  keeps  the  wheel  A  from  turning  badc- 
wards.  This  may  be  senrioeable  for  other  uses,  besides  moving  a 

Example  XLVH.  {Tig.  1.  PL  XXIX.) 

ADBamadiinelbr  reckoning  the  number  of  strokes  or  vibrs^ 
tuMiB  made.  DH  is  a  whed  moving  about  a  fixed  axis,  upon 
the  nedL  of  which  axis  goes  a  brass  spring  L,  to  keep  the  whed 
from  shaking.  AB  a  piece  of  wood  or  metal,  cut  away  between 
I  and  K  to  reodve  the  whed.  The  plane  of  the  piece  AIKB  is  per- 
pendicular to  the  plane  of  the  wheel.  FG  are  two  staples,  to 
gmdethe  motion  of  the  piece  AB  back  and  forward.  When  the 
piece  AB  is  moved  from  A  towards  B,  the  edge  at  I  catches  the 
tooth  C,  and  sliding  alone  tiie  edge,  moves  uie  wheel  about  in 
direction  CD ;  this  brings  £e  tooth  E  to  the  edge  K.  And  when 
ihe  piece  AB  is  moved  back  from  B  to  A^  the  eidge  at  K  sliding 
down  die  tooth  E,  moves  the  wheel  from  E  towards  H,  vdiicn 
bfinD  another  tooth  before  die  edge  I;  so  that,  at  every  motion'of 
AB  badL  and  ibrward,  the  wheel  is  moved  the  breadth  of  one 
toodi.  And  if  the  teefh  be  numbered,  the  index  M  vrill  shew  when 
the  whed  has  made  one  revolution. 

Example  XLVm.   (JP%.  1.  P/.  XXX.) 

ABED  a  machine  moving[  one  circle  viithin  another,  concefi- 
trical  to  it  ABC  represents  a  flat  ring  of  brass ;  and  abc  a 
smaller  concentric  ring  lodged  in  a  drcular  groove,  turned  within 
die  laner,  and  kept  in  the  groove  by  three  small  plates  of  brass 

B,  C,  fixed  to  the  outward  ring,  and  reaching  over  the  edge 
of  the  inner  one.  Upon  the  inner  rin^  is  fixed  a  concentric 
aidiof  a  wheel  dls,  having  teeth  in  it  which  are  driven  round  bv 
Ae  direads  of  an  endltts  screw-  DF,  turning  in  a  collar  at  1^ 
and  upon  a  point  at  F,  both  fixed  to  die  outward  ring.  By 
diis  mechanism,  any  point  of  die  cirde  abc,  may  be  set  to' a  given 
point  of  the  cirde  ABF,  by  tnmingthe  screw  DEF.  ' 
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.    iT^  :  ?  .  V\IX.) 

•.         -  v^.-  -r    aF  .5  a  double  wh« 
-^=2^^.:  aises  the  wcia 

T.r^    ^"  .ji  cc-cs  rj'Ciid  the  axis  of  2 
f--=:^cj.l,  and  one  hoi 
I.-.  zijn.^n  ot  the  rope 

• .  -t    r  -.vj:^        s<:rirc<  tor  the  ro' 
i  "       .  :^  » i  c::      art  drawn  asic 
t         ^      Txr^i    CDE  moves  abo 
^      .    :  -  - ,         -  Ur:  rcpe  to  nin  < 
....   -  r-       1.  ;rc       nxed  with 

.    :    •  ^  \\:\.' 

~  ?  >  w»r.d,  by  help 

r^usi  besetal 
--  -.^r^.  r...  :-r    .-T-Cf-.  i..an  in  comin< 
•   •  .v;  rii-.cas  are  proper  i 

"  .vr-         r-*i<  .  iTC  are  said  to  be  fi 


.  ---.-ul  \> herein  t 

^      -  >:ucke  or  rarifi* 

.•!ii>  sa:.5*  which  beii 
,  :  :he  wheel,  tog 

I         V  cin^c:?  the  tooihi 

;          -  :  a  wooden  wht 

•ar— 5>  cha:;;  or  rope 

V  ^  — .  >;  v'.aced  in  the  stn 
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tiie  water,  3  yards.  All  the  madiiney  except  the  water  ^pHiaely  it 
widdn  the  house. 

•  A  hammer  may  also  he  made  to  strike  thus:  A  {Fig.  1.  Pt, 
XXXII.)  is  the  hammer  moveable  about  the  point  C.  G  the  axle 
of  a  water  wheel,  in  which  axis  are  the  pins  or  curved  teeth  F,  E, 
Ice.  As  the  wheel  and  axle  goes  about  from  F  towards  E,  the 
pins  or  teeth  F,  £  thrust  down  the  end  B,  and  raise  the  end  A  of 
the  hammer.  And  when  the  end  B  goes  off  the  pin,  or  tooth,  the 
hmnmer  fidls  upon  the  anvil  D. 

Example  UII.  {Fig,  2.  PL  XXXII.) 

I,  I  a  crooked  axis,  elbow,  or  crank,  for  the  tuckers  of  punmt,  IK 
the  pestle  or  chain  of  the  sucker.  Upon  the  axis  is  the  lantern 
£F,  whidi  is  turned  by  a  great  wheel,  carried  either  by  water,  or 
men,  or  horses.  The  pestles  IK  rise  and  fall  alternately,  as  the 
lantern  £F  goes  about,  and  each  gives  one  stroke  of  the  pump  for 
•ne  torn  of  Uie  lantern.  Place  pullies  or  rolls  at  a,b,c,dy  for  tiia 
chain  IK  to  work  against,  when  it  goes  out  of  its  perpendicular 
position,  by  the  obliquity  of  the  motion  of  the  cranks  I,  I. 

Example  LIV.  {Fig.  3.  PL  XXXH.) 

ABCD  a  particular  combination  of  pullies.  T,  T,  T  are  posts 
to  which  the  tackles  are,  fixed.  S,  S,  S  are  sta>s  to  keep  them 
erect  If  the  power  at  A  be  1,  that  at  B  is  3;  at  C,  9 ;  and  at 
D  27,  where  me  weight  is  placed. 

Example  LV.  {Fig.  1.  PL  XXXHI.) 

A,  B  are  two  bellows  going  by  water,  and  blowing  alteniately, 
but  neither  of  them  with  a  continual  blast ;  W  the  water  wheel. 
DE  the  direction  of  the  water.  FG  the  axis  of  the  wheel ;  a,  a. 
Ice,  4  cogs  of  wood  in  the  axis,  forcing  down  the  end  of  the 
bellows  A.  bby  &c.  4  cogs  forcing  down  the  end  of  the  bellows 
B.  LM,  NI  two  rods  of  iron  fastened  to  the  bellows  and  to  the 
lever  MN,  and  moveable  about  the  pins  M,  N.  SP  a  piece  of 
timber  moveable  about  S  and  P.  OP  a  beam  serving  for  a  spring, 
lying  over  the  piece  of  timber  QR.  As  the  wheel  and  axle  turns 
round,  a  cog  b  forces  down  the  end  of  the  bellows  B,  and  makes 
it  blow;  this  pulls  down  the  end  N  and  raises  the  end  M  of  the 
lever  MN,  which  raises  the  bellows  A.  And  when  the  cog  b  goes 
off,  the  bellows  B  ceases  blowing;  and  a  cog  a  forces  down  the 
beUows  A,  and  makes  it  blow ;  and  at  the  same  time  raises  the 
beHows  B.  And  thus  the  cogs  a,  b  alternately  force  down  the 
bdlows  A,  B,  and  make  them  blow  in  their  turns.  H  is  the 
heardi  or  fiire. 

'  A  pair  of  bellows  may  be  moved  by  water  thus :  A  {Fig.  1 .  PL 
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WKK '  »  a  mm «ML  ouTied  hf  tte  water  at  W.  CD  flti 
wtt  $tMi^  cvc  ^  csvdDed  axlelreey  or  crank,  of  fhe  whM$  1 
4  ami^Me  aSmix  £.  FG  a  dkun  going  to  the  btilowt 
I  a  ^wttrtc  A$  ^  mbwl  goes  aboat,  die  eoAa  D  and  F  of  1 
)mr  In.  a;^  &I1 :  iiteek  oioCMm  nises  the  beHows,  and  \ 
witf^  I  than  Jcwn^ain. 

I\«vru  m.  (F%r.  1.  PL  XXXV.) 
A  «>£  ^  A-Y  ^iiijKiSs  miA  terth,  and  a  roller  to  draw  up'  a 
H.     H  dir  haadks.  iriiidi  may  be  wrought  by  two 

1^:  d«r  AKc^  »Ki  ;d3ipflf!S9  TOUen  for  common  use  are  so 
«  0  *>A  1>  1  «fi  5,  JV,  XXXn,)   In  these,  as  30 

»  ^  wic^  J-*"  W  mM^, »  mua  the  radios  of  the  axle  be  to  1 
)mc^)^  «  ?Sr  Wij^M- .  iv  a  Ts^ta  to  «wk  iL 

I:  a  jr.twi  v^snc^:;  f  rBi*»  aacidicr  we^t  W,  on  such  a  macfai 
«  "      ^  *  rreatest  motion  |x>s8ible 

«  p>w:  t.w;         the  iksMfers  AB,  EF,  and  we^ht  W  are 

=  [L_^J^  «  when  EF  =  L^^^ 

r,«c  d>«i      m>>C50«  wC«  S*  p£»i»r,  dun  if  any  one  (H,  AB, 
Sr  a^iw^.  :imfcfc:V.:ai:  die  same. 

^»  Av!l  *  'fiMk'*:;^  J65  vT^-  1.  PL  TV,)  the  greatest  moti 
^  Sf  jifflwrawc  va  saakc,  as  Telocity  of  W  :  Tdoc 

Rv^Hr\*  LVll.  XXXV.) 

A«  <r«vw  l«>  «w  ^Mink  A  ibe  ruamer.  dniwn  up  by  the  ro; 
IKU)  i'^w  ^M^'^iHiik?  C.  DN,  DN  seraal  small  ropes  i 
mm^ «Mil»|«l«L    M  tib# pile.   SF ft  feme  and  Uderlo^ 
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D£  a  tefcr  nomble  tSboat  vob  GH«  At  I  t 
■ii|jilig|«diqH»"tfctim^)er  board  toBMikcit  M.  ThebeUoiM 
ia-'fiaed  in  the  frame  Mfc,  by  two  iron  pins,  which  are  in 
middle  board.  And  the  pipe  P  lies  upon  the  heardi.  ^  hen  the 
end  £  is  pdHed  down  by  the  rope  EF,  the  end  D  is  raised, 
and  the  lope  or  chain  DR  raises  the  lower  board  CL;  this 
shots  the  TalTe  T  and  opens  and  the  air  is  forced  into  the 
upper  cmtf,  which  raises  the  upper  boardy  and  blows  through 
ttt  pipe  P.  And  when  Eis  raisea,  the  boards  A  and  C  desoendi 
ana  tne  Talve  S  shuts,  and  T  opens.  And  the  weight  I  forces 
the  air  still  out  of  the  pipe^^whilst  more  air  enters  in  at  the  Talve  T ; 
uriddifWfaaiCascencu,  is  forced  again  ihrcmgh  the  Talve  S  as  be« 
fore.  And  thos  die  bellows  have  a  continual  blast. 

Example  UX.  {Fig.  1.  PL  XXXVII.) 

An  engine  to  raise  yrater.  LMOI  a  great  horizontal  wheel. 
ABP  die  axis,  P  die  pivot  or  spindle  it  turns  upon.  OQI  the 
mnres  of  the  ^at  wheel.  QR  a  small  wheel  perpendicular  to  the 
horiaott^'and  placed  under  the  edge  of  the  great  wheel:  this 
wheel  is  moveable  about  the  centre  C,  in  the  end  of  the  lever 
EFC,  whidi  is  moveable  about  the  centre  D ;  £F  the  arch  of 
a  circle,  drawn  from D  as  acentre,  whose  plane  is  perpendicular 
to  the  horixon,  and  in  the  plane  of  the  wheel  QR.  EG  die  chain 
of  a  pttmp. 

Whilst  the  great  wheel  is  turned  by  the  lever  NA,  from  O 
towards  I,  die  veave  Q  presses  down  the  wheel  QR,  and  raises 
the  end  E^  which  draws  up  the  water  in  the  pump  G.  But 
when  the  deepest  part  of  the  wave  is  past  the  wheel  QRy  die 
wheel  then  rises  up  into  the  hollow  S,  and  then  the  chain  EG 
descends,  till  d^e  aext  wave  raises  it  again.  And  thus  every  wave 
makes  a  stroke  of  the  pump. 

The  wheel  QR  is  placed  there  only  to  avoid  friction,  and  sO 
diata  perpendicular  to  its  plane  may  pass  through  AB.  If  the 
number  of  waves  be  odd,  and  another  pump  wheel  and  lever 
be  placed  diametrically ,  opposite,  on  the  other  side  of  the  mat 
wheel,"  then  these  acting  by  turns  will  keep  the  motion  uni&rm, 
and  the  power  at  N  will  always  act  equally. 

Example  LX.  {Fig.  2.  P/.XXXVI1.) 

BFG  a  capttany  to  draw  great  weights.  BC  the  axis,  which  is 
driven  about  by  men  acting  at  A,  A,  by  help  of  the  levers  AB, 
AB.  Here  must  only  be  3  or  4  spires  of  the  rope  DOE  folded 
about  the  axis  BC ;  for  the  axis  could  not  hold  so  much  rope 
as  there  is  sometimes  occasion  for.  And  to  hinder  the  rop^ 
from  ^pping  back,  a  man  constantly  pulls  at  E  to  keep,  it  ligm. 
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Asr  i»  L12*  If  Bb»  rtsaaoL  or  ndwr  angular  at  die  bott 
"vr         -ne  ttos:  T-n  c^ok  sht  lover,  wliflst  the  cap* 

lAL  ^Eif.  1.  Pi.  XXWIIL) 

AL  2k  l  wtc  V  'jA  pxm.  ■cufau^   £  it  a  pinioii  upon 
Ec»        irC  1  iKiaei^  vneeL  &=ii  D  a  pbiion  upon  the  si 
issk  ^vrn^  31  n«  'neA  ^  ^  nek  An.   The  whole  is 
CBwi  3x  1  *Ej;tBt  rfese  Si«  tik  ei  flxtd.     The  handle  Gl 
ja««  :iT  &  i.i2f  FKt  :c  isis.  awkade  c€  die  case. 

Win  K  <«>:nc9C  3f  v  ^  ^faed.       kuked  end  A  is  put  nn 
^wesii: :  aies..  zirrtmc      s»fje  HI.  the  pinion  £  moves 
■leiL  "X"-  ^rrjL  ^  zczDitL  D :  isd  D  raises  die  rack  AB,w 

•i^v7-  LXn.  ,F;tf.  2.  Pi.  XXXVIII.) 
Ax  X-  n3K  izj£  aec  sLI  two  wcisfats  with  oontn 

wccis  wwassBt-twr,  »  s»«^  Pl"^^        always  c 

w«T     OH  X  i».rJLg.ol  ■btti.    N,  M  two  lanterns, 

T^K^i  .-t  a«  U2*  ABL  "iu  ±ie  r^eas  wheel  can  only  work  c 
«  aaeoi  a:  .-co*-  '^ic'r  r>*  c-:«  w*««i  GH  is  turned  by  1 
iwr  s  rrrs  -i^sp  M-  uwi  raises  the  bucket 
w^uc  F  SfssDCSw  Tirfn  ':*fir^  rasfcd.  more  forward  1 
tra-  aK.  rr<  iKKr:!  M  =iiT  JeiTe  wheel,  and  N  coi 
v:.  Tr-fc  eras:  w^«^£t  =»c^l:s  the  some  way  as  befb 
w£I  s*.-^  v.-ck         X.  ass  die  cootraiy  way,  a: 

new  :»  VoekM  T  «nuK  £  dejceoif.  Which  dooe,  move  I 
jss  back  oewuds  A.  ir>i        miU  azain  lise  the  hocket 

Th»  BBty  Hp  Tvsic?^a^i  piadxv  the  lanterns  M,  N, 
dus  die  cMt  w^xtef  seiy  «»>rk  :^!«n  bodi  at  once ;  but  maki 
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ditting  iron  ban.  D  an  8  inchet  diameter ;  A  and  B  about 
18.  And  these  cylinder!  may  be  taken  out  and  others  put  in, 
4nd  may  be  brought  nearer  to^  or  £mher  fromi  one  another,  by  help 
of  screws,  which  screw  up  the  sockets  where  the  axles  run. 
The  axles  of  N,  I,  R  lie  all  in  one  horixontal  plane.  And  so 
does  M,  G,  H.  But  the  cylinders  A,  B,  and  also  C,  D,  lie  one 
abofe  another. 

For  making  the  plates  ;  if  a  bar  of  iron  be  heated  and  made 
Ihin  at  the  end,  and  that  end  put  in  between  the  cylinders  C,  D, 
whilst  the  mill  is  going,  the  motion  of  the  eylinders  draws  it 
through,  on  the  other  side,  into  a  thin  plate.  Likewise  a  bar  of 
iron,  bemg  heated  and  thinned  at  the  end,  and  put  in  between 
thfr  toothed  cylinders  A,  B,  it  is  drawn  through  on  the  other 
side,  and  slit  into  several  pieces,  or  strings.  And  then,  if  there 
be  occasion,  any  of  these  strings  may  be  put  through  the  plate  mill 
with  the  same  heat,  and  made  into  plates. 

OPQ  is  the  sheers  for  clipping  bars  of  cold  iron'  into  lengths. 
V  a  cog  in  the  axis  of  the  water  wheel.  OP  one  side  of  the 
sheers  made  of  steel,  and  moveable  about  P.  The  plane  LPR  is 
perpendicular  to  the  horizon.  When  the  mill  goes  about,  the 
oog  y  raises  the  side  OP,  which,  as  it  rises,  clips  the  bar  TQ  into  two, 
brtiie  edges  SP,RP.  All  the  engine,  except  the  water  wheeb 
^  F,  is  w^in  the  house. 

Example  LXIV.   {Fig.i.  Pl.\L,) 

AFC  a  tomdmiU  to  frighten  birds  from  corn  or  fruit.  This  is 
made  of  wood.  The  sails  F,  F  a  foot  long,  and  their  planes  in- 
dined  to  the  axis  BC,  45  or  50  degrees.  'Aie  piece  B  goes  upon 
die  end  of  the  axis  BC,  and  is  pinned  fast  on,  and  the  sails  and 
axis  turn  round  together ;  and  the  axis  goes  through  the  board 
AD,  and  is  kept  from  flying  out  of  the  hole,  by  the  piece  B  pinned 
ibsL  The  whole  machine  is  moveable  about  the  perpendicular 
steff  AG,  by  which  means  the  wind  turns  the  mill  about  the  axis 
AG,  tin  the  plane  AD  lies  directly  from  the  wind ;  and  then  the 
sails  face  it.  At  S,  &  a  spring  to  clack  as  it  goes  about ;  and  the 
like  on  the  other  side. 

Example  LXV.  (Fig.  2.  PL  XL.) 

An  anemoscope,  to  show  the  turnings  of  the  wind.  CD  is  a 
weather-cock  of  thin  metal,  fixed  fast  to  the  long  perpendicular  axis 
DF,  vrbiah  turns  with  the  least  wind  upon  the  foot  F,  and  goes 
throi^  the  top  of  the  house  RS.  To  tnis  axis  is  fixed  the  pinion 
A,  whidi  works  in  the  crown  wheel  B,  of  an  equal  number  of 
teeth.  The  crownwheel  is  fixed  on  the  axis  PI,  on  the  end  of 
vdiich  the  index  NS  is  fixed.  The  axis  PI  goes  through  the  wall 
LM :  against  the  wall  is  placed  the  circle  NESW,  .with  the 
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potnis  of  the  eompass  reond  H.  Hien,  if  the        CD  be  set  to 

ibe  DortH  and  al  rtie  saine  time  the  indm  SN  fixfd  on  III*  axis 
PI,  to  point  at  S ;  then,  howCTcr  the  mnd  v^iftes,'  tt  will  tufu 
ttie  TaoeCD^  and  pinjott  A  i  and  A  tunis  thf?  wheel  B  wiih  t^e 
iDdex  N ;  so  thai  the  index  will  alw«ijs  be  directed  to  the  op- 
poaite  point  of  die  compaias  to  ihe  TOie  DC,  or  to  the  same  m 
the  wiod  is  in. 

EiiMFLE  LXVL  {Fig.  3.  PI  XL.) 
DEF  is  a  rag^mp,  or  cAflCT-pKMp.  EP  ihe  barreJ^  CB  the 
roE^,  OH  an  eDdlesa  chaio^  to  which  are  fixed  iereml  leather 
buckets  I,  I,  hollow  ou  the  upper  side  that  ascends,  AB  die 
handle.  The  tise  of  this  is  to  eleanse  foul  waters  from  dirt  and 
rubbish.  Ihe  toller  is  ribbed  lo  hinder  the  chain  from  stipping ^ 
Id  working.  When  the  roller  is  turned,  it  draws  up  the  chain 
through  the  pump,  with  whatever  ia  in  Ihe  water^  and  di^aiges 
it  at  the  top.  Instead  of  the  roller  CDj  a  wheel  like  a  trundle 
inRj  he  medf  called  ihe  rag  wheeL 

ExAMPLt  LSVII.  {Fig,  U  PL  Xli.) 

A  dyer'*  miiifidkr-s  mitL  A  the  great  wheel  carried  abotit  br 
horses.  This  turns  the  trundles  B,  C,  D,  together  with  E, 
Then  E  tarns  the  cog-wheel  with  the  aais  IK,  and  the  crois 
pieces  L^L;  l^t,&c<  are  puUie^  or  rolieis.  MN>  wooden 
beaters,  turning  upon  an  axis  pasdin^  tltrough  N,  N.  Whilst 
th«  axia  IK  turns  about^  tlie  etid  h  shdes  along  the  pulley  1 1 
and  fiitUitg  off,  the  part  M  strikes  a^inst  the  cloUi  in  ^e 
trough  at  O.  The  lantern  F  carries  the  cog-wheel  P,  and 
the  cranks  Q,  Q,  whicb  work  the  pumps  T,  T,  by  help  of  the 
levers  RSj  moveable  about  a«  The  trundle  G  carries  the  cog-* 
wheels  V  and  W,  and  W  carries  the  trundle  X,  with  die  pistoo 
Y  that^nds  the  indigo  tn  the  vessel  i^;  froio  whence  it  Sovs 
to  the  vessel  Z.  The  ends  n?,  m,  Ut,  of  aU  the  axles^  nin  m 
pieces  of  timber  gomg  cross  the  miU,  and  fast^ed  ta  ont 
another  and  to  the  walb  of  the  house, 

EiAMPLi  LXVm.  {Fig,  4,  FL  Xi.) 

A  machine  to  empty  standing  waters^  This  is  no  more  than 
a  large  pipe  or  syphon  ABC,  being  extremely  close  and  tight 
that  no  air  can  get  in. 

If  th©  pool  of  water  DE  is  to  be  emptied  o%  er  the  hill  DHG* 
let  the  pipe  be  placed  with  its  month  A  witliin  tlie  water  DB,  and 
Ihe  mouth  C  within  the  water  FO,  if  the  pipe  be  very  large. 
Then  stop  np  A  and  C,  and  fill  the  pipe  with  water  by  &e 
eock  B  at  the  top.  Thm^  stopping  the  cock  B  very  closei  open 
A  and  C  %  and  the  water  vrill  dow  through  the  pip^  ffom  D£ 
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TQ^mhad^  iiipLjnmo¥«riitF,at  a  «maU  height  above  C, a^d 
goawi^» 

i-.IMflbIhe  end  Citt«tt  ahrayt  be  lower  than  A, and  the  height 
iflhe  t^p  BabpveP^iBiiiit  not  exceed  11  yards;  for  if  it  dp, 
Ih9  mtev  Witt  90t  Aqw*  V  the  pipe  be  very  stndt,  the  end  Q 
IMd  imH  be  imiperHd  in  the  water ;  but  if  Uige  it  muit ;  or  elM 
lllf  air  wiUiamqateitielf  into  the  pipe  at  and  hinder  the  flnx 
efthe  waler. 

Example  LXIX.  {Fig.  1.  PL  XLU.) 

'  ■SFOH  it  a  cMdgmn.  £  -&e  cog-wheel,  11  feet  diameter^  and 
ft  con ;  flds  earries  the  trundle  F,'  near  2  feel  diameter,  and  12 
MtaAAi^togedierwith  tiieronO/4  feet  diameter.  AH  is  the  itarty 
MfeetkMig.  The  fudsAB  runs  upon  the  ke?y-eCockC.  There  are 
MaiSreeMfeesIKy  at  the  tep^tiirongh  which  the  axis  AB  goes. 
Ibese  cma-trees  are  supported  by  four  posts  KL  at  the  foiir 
tiMfytStf,  When  the  eoals  are  to  be  drawn  up  out  of  the  pit, 
twt>  horses  are  yoked  at  H,  and  go  round  in  the  path  OQD,  and 
dncw  the  wheel  about  And  whilst  the  loaded  corf  N,  is  drawn 
^  to  the  top  of  the  shaft  by  the  rope  going  round  the  roll,  the 
^opty  one^'at  the  other  end  of  the  rope,  is  deeeending  to  the  bo^ 
toni.  And  the  loaded  corf  N  being  taken  off,  and  an  empty  one 
put  on,  the  horses  are  turned,  and  made  to  draw  the  contrary  way 
ilwntit,  tiB  the  other  corf  comes  to  the  top  loaded :  and  so  as  one 
oprf  ascends^  the  other  descends  alternately.  A  corf  of  ooals 
irMa  about  five  hundred  weight,  and  contains  about  four  aad  a 
half  budieb.  A  pit  is  forty  or  fifty  fathom  deep.  Aad  fiffy  fiu 
fliom  of  the  rope  weighs  about  three  hundred  weignt 

Example  t^XX.  {Fig.l.  Pl.XUU,) 

A  Mwm  i0H^  for  teroing  a  mt.  ABC  the  band  round  whiph 
^  eoni  w  is. wound..  BX  the  main  wheel  of  sixty  teeth.  N 
the  worm  wheel  of  about  thirty  teeth,  cut  obliouely.  .  LM  the 
l^qion  of  fifteen  or  sixteen,  O  the  wom  or  enoles^  screw,  on 
irideh  are  two  threads  or  worms  going  roiMid^  and  making  an  an* 
gle  with  the  axis  of  sixty  or  seventvb>five  4egrees.  X  the  stud ;  Z 
ij^  loop  of  the  warm  spindle*  f  a  heavy  ivheel  or  fly  to  mak^ 
Ihft  motion  uniform.  .  DG  the  struck  wh^l  fixed  to  the  axis  FD. 
if  8  several  holes  in  the  frame,  to  nail  it  to  a  board,  which  is  to  be 
nailed  against  a  wall ;  the  end  D  going  through  it  HI  the  han- 
dle, going  upon  the  axis  £T,  to  wind  up  the  weight  when  down. 
B  are  fixed  pullies ;  V  moveable  puUiea  with  the  weight.  The 
am  W£  ifi.  fixod  in  the  Wi^l  AC,  apd  this  axis  being  )io11qw^  bpth 
itapd  the  banel  tarn  round  upon  ^  FD,  which  }m  fixed  to 
the  wij^  KL,  turning  in  ^  ofdei?  B^j^  bnt  m^f^  t^rp  the 
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contrary  way,  by  reason  of  a  catch  nailed  to  the  end  AB,  wl 
lays  hold  of  the  cross  bars  in  the  wheel  LK. 

The  weight,  by  means  of  the  cord  QR,  carries  about  the  ba 
AB,  whidi,  by  means  of  the  catch,  carries  the  wheel  KL,  wl 
carries  the  nut  LM  and  wheel  N,  which  carries  the  worm  O  y 
the  ily  P.  Also  tlie  wheel  LM  carries  the  axis  FD  with  the  wl 
DG,  which  carries  the  cord  or  chain  that  goes  about  the  spit  he 
(a  wheel  like  DG)  which  turns  the  spit.  Hie  more  puUies  ai 
and  V,  ^e  longer  the  jack  will  go ;  but  tlien  the  weight  must 
greater. 

The  catdi  lies  between  the  end  AB  of  the  barrel  and  the  wh 
KI^  and  is  thus  described :  the  barrel,  n  the  main  spindle; 
a  tumbler  moving  easy  on  the  centre  pin  a,  fastened  to  an  ii 
plate,  nailed  to  the  barrel ;  6  a  collar  of  iron,  turning  a  little  a 
on  the  spindle :  from  this  proceeds  the  tongue  be,  passing  thiov 
the  hole  c  in  the  tumbler ;  r  the  catch  of  the  tumbler.  Nc 
whilst  the  barrel  with  the  catch  is  turned  about,  in  the  order  e 
upon  the  axis  n,  the  collar  is  drawn  about  by  the  tongue  be  ;  wli 
tongue  acting  backwards,  turns  the  tumbler  about  the  centre  a 
depresses  the  catch  r.  But  the  barrel  being  turned  the  contn 
way,  the  tongue  then  acts  towards  d;  this  depresses  the  end  dy  a 
raises  the  catch  which  then  takes  the  cross  bars  of  the  mi 
wheel,  and  stops  the  barrel.  This  catch  would  also  senre  for 
clock,  and  is  better  than  a  spring  catch,  because  it  makes  no  noi 
in  winding-up. 

Note,  the  jack  need  not  be  placed  so  that  the  axis  FD  be  pan 
lei  to  the  spit;  but  any  way  it  can  conveniently.   For  it  is 
matter  whether  the  chain  crosses  or  not. 


Example  LXXI.  {Fig,  2.  FL  XLHI.) 

DAF  the  h^rQ$t(itkal  heiiows.   AB,  EF,  two  flat  boards  of  oa 
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iiomBtf  «x  or  wm  feet  diameter.  The  lower  utone  N  is  tlie  (yrr, 
being  fixed  immoveable  upon  beama  of  wood ;  and  the  upyier 
ttame  ia  the  rmmer,  and  is  fastened  to  ^hetptndie  LI,  by  a  piece  of 
irao,  called  the  rmdj  fixed  in  the  lower  side  of  the  stoui*,  to  go 
aqnare  upon  the  spindle ;  between  which  and  the  sioni*,  there  is 
iDOB  left  for  the  com  to  fall  through  upon  the  lower  stunu.  The 
spindle  goes  through  the  lower  stone,  and  isi  made  so  tight  with  a 
wooden  ^hiA,  as  to  turn  round  in  it  easily.  Tlie  up|)er  stone, 
with  Uie  spindle  LI,  is  supported  on  the  end  I,  upon  a  horizontal 
beam  of  wood  F£,  called  the  bridge ;  the  end  F  being  fixed,  and 
the  end  £  lying  upon  the  beam  HG,  fixed  at  G,  called  llie  l^iytr 
or  bearer.  The  end  H  is  supported  by  the  Hfting'trtc  WK,  hy 
help  of  a  wedge  at  K.  By  this  means,  the  upper  stuiie  may  b« 
iaised  or  lowered.  For  if  KII  be  raised  with  the  lever  KA-,  the  end 
£^  the  axis  LI,  with  the  stone  M,  and  tlie  piece  (>1I  arc  all  raised, 
and  may  be  fixed  there  by  the  wedge  K.  Tlius,  the  stones  may 
be  set  as  near  or  far  off  as  you  will.  The  lo\»er  stone  is  broader 
dian  the  upper  stone,  and  is  fisathered,  or  cut  into  small  diannels, 
to  convey  the  flour  out ;  and  is  enclosed  with  biiards  all  around, 
u  a6,  close  to  the  lower  stone,  and  above  the  edge  of  the  under 
one,  to  keep  the  meal  in.  And  through  one  »ide  of  the  boards  is 
a  hole,  called  the  mili^ye,  through  which  the  meal  runs  out  into  a 

The  surfaces  of  the  mill-stones  arc  not  flat,  but  conical ;  the  upper 
one  an  inch  hollow,  the  under  one  swells  up  }  of  an  inch :  so  the  two 
stones  are  wider  about  the  middle,  and  come  nearer  and  nearer 
towards  the  outside ;  which  gives  room  for  the  com  to  go  in,  as 
far  as  §  of  the  radius,  where  it  begins  to  be  ground.  The  upper 
stone  has  a  dancing  motion  up  and  down,  by  the  springing  of  the 
bridge,  which  helps  to  grind  the  corn.  The  flour,  as  soon  as 
made,  is  thrown  to  the  outside,  by  the  circulation  of  the  stone  and 
the  air,  and  driven  out  at  the  mill-eye.  llie  quantity  of  flour 
groond,  is  nearly  as  the  velocity  and  weight  of  the  ,stone.  The 
stone  ought  not  to  go  round  above  once  in  a  second,  for  bread 
com. 

The  com  is  put  into  the  hopper  S,  which  falling  down  into  the 
shoe  TV,  mns  into  the  hole  at  the  top  of  the  stone  M .  The  axis 
LM  is  made  with  six  or  eight  angles ;  which,  as  it  turns  about, 
shakes  the  end  V  of  the  shoe,  and  keeps  the  com  always  mnning 
down.  The  axis  LM  may  be  taken  off.  PQ  is  the  direction  of 
the  water,  which,  acting  against  the  floats  li,  carries  about  the 
water-wheel  A,  and  cog-wheel  D,  which  cog-wheel  carries  the 
lantern  or  trundle  O,  and  the  upper  stone  M  mat  grinds  the  corn. 

Sometimes  one  water-wheel,  A,  carries  two  pair  of  stones,  and 
then  two  cog-wheels,  as  D,  are  put  into  the  axis  BO,  which  carry 
two  trundles  with  the  stones.  ^  Otherwise,  the  cog-wheel  D  carries 
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a  irimtSle  O,  and  spur-wheel ;  which  spur-wheel  c^iea  two  lan- 
lerns  with  the  stones,  one  lantern  oti  each  side  the  wheel.  Or, 
sometimes,  the  same  cog-wheel  D  carries  another  lantern  and  cog* 
wheel,  whose  is  parallel  to  the  horizon ;  and  this  cor- wheel 
carries  anotlier  lantern  with  the  stones »  And  the  trundle  ia  audi, 
as  to  make  the  blue  stones,  or  those  that  grind  wheat  flour,  go 
near  twice  as  swift  the  grey  stones  do.  In  these  cases,  when 
one  pair  of  stones  is  to  stand  still,  there  m  either  a  loose  rung-  to 
be  taken  out  of  lis  laniem^  or  else  the  bridge  EF  is  shifted  towards 
H,  till  the  lantern  O  be  clear  of  D. 

The  diameter  of  the  water-wheel  A  must  not  be  too  large,  for 
then  it  Vidli  move  too  slow;  nor  too  Utile,  for  then  it  will  wani 
power.  When  a  mill  is  in  perfection^  the  velocity  of  the  floats, 
wings,  Of  hands  Rj  upon  the  water-wheel  rau^t  be  ^  the  velocity 
of  the  stream. 

The  higher  fall  the  water  has,  the  less  of  it  will  serve  to  cajry 
the  mitU  In  an  undershot  mill,  where  the  water  comes  under- 
neatlt  the  wheel,  it  is  brought  by  a  narrow  ebanniel  called  the  mili 
race.  The  water  is  kept  up  in  the  mill  dam,  and  let  out  by  the 
pemtock^  when  the  mill  is  to  go  j  %j\d  the  penstock  h  raised  or  let 
down  by  help  of  a  lever.  The  penstock  being  raised,  opens  a  pas- 
sage to  the  water,  ten  or  twelve  inches  wide,  through  whioh  it  flows 
to  the  wheeU  And  when  the  mill  is  to  stop,  the  penstock  is  let 
down,  and  the  orifice  stopped. 

When  t1vo  water  comes  underneath  the  wheel,  it  is  called  an 
midershot  milL  But  if  it  comes  over  the  wheel  (as  Fig,  2  P/.LV,) 
it  is  caUed  an  overfall  or  mi^nhot  milL  This  requires  less  water 
than  an  undershot  mill ;  but  there  is  not  convenience  in  all  plaeea 
to  make  them.  The  water  is  brought  to  the  wheel  of  an  overfall 
mill  by  a  trough,  which  is  turned  aside  to  throw  the  water  off  the 
wheel  when  the  mill  does  not  go» 

A  hreasf  mill  is  that  where  the  water  is  delivered  into  boiees,  at 
about  the  height  of  the  axis  of  the  wheel,  and  moves  the  wheel  by 
its  weight,  Tliis  requires  more  water  than  either  of  the  other 
ijorts. 

A  good  overfall  mill  will  grind  two  and  a  half  or  three  bushels 
of  corn  in  an  hour;  and  in  that  time  requires  100  hogsheads  of 
water,  having  ten  or  twelve  feet  fall. 

AB  is  a  trap  to  eatch  vermin,  made  of  boards.  'GH  a  pieee  of 
wood  suspended  over  the  bar  IL,  by  the  lever  DEj  moveable  about 
D,  and  the  thread  FE  tied,  to  the  start  CK.  Im^  a  piece  of  Hat 
wood,  moveable  about  Im^  and  lyitig  on  the  bottom,  whose  end  B 
eomes  through  a  hole  in  the  side,  in  which  is  a  catch  to  lake  hold 
of  the  etid  K  of  Oie  start,  when  the  trap  is  set.    When  the  vemiia 
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po  into  the  tnp^  fhev  tread  upon  the  boeid  ^B,  on  which  a  bait 
u  laid^.^hidh  pott  down  the  end  B,  and  the  start  CK  iliei  op. 
Thia  givei  libtttj  to  the  rod  D£  to  rise  up ;  then  the  piece  of 
wood  GH  &1U  down,  and  knocki  them  on  the  head.  If  two 
pieces  of  board  were  hailed  on  the  ends  G,  H,  to  reach  below  the 
piece  of  wood-GH,  the  trap  would  take  the  vermin  alive. 

ABE  2.  TL  XLV.)  is  another  trap,  the  end  B  is  wire,  and 
the  end  A  slides  up  and  down  in  two  grooves  in  the  sides.  When 
the  tap  is  set,  the  end  A  is  suspended  by  the  thread  CD,  tied  to 
the  rod  DI,  moveable  about  O,  the  end  I  being  held  by  the 
crooked  end  of  the  wire  IS,  moveable  about  R,  the  end  RS  going 
widiin  the  trap.  A  bait  is  put  on  the  end  at  S,  and  the  end  R  of 
the  trap  being  open,  the  vermin  goes  in  and  pulls  at  the  bait  S ; 
thi^  pulls  the  catch  I  from  off  the  end  of  the  lever  ID,  which  lets 
the.  end  A  &tt  down,  and  the  vermin  is  taken. 

Example  LXXIV.  {Fig.  2.  P/.  XIJV.) 

.  An  engine  for  moving  several  iaioz  for  the  sawing  of  stones,  &c. 
ILL!  is  a  square  frame,  perpendicular  to  the  horizon,  moving  in 
direction  LL^  in  grooves  made  in  the  fixed  beams  AM,  CB ;  and 
running  upon  little  wheels.  XL  two  rods  of  iron  fixed  at  I  and 
L.  ;  ep:  two  hands  of  iron  running  along  these  rods ;  to  these  are 
fixed  the  saws  S,  S.  HIK  is  a  triangle  fixed  to  the  axis  of  a  great 
wheeli  As  the  ni^ieel  and  triangle  go  about  from  H  towards  I, 
the  point  I :  acting  against  the  piece  G,  moves  the  frame  towards. 
MB,  together  with  the  saws  S,  S.  When  I  is  gone  off,  the  angle 
K  acts  against  the  piece  F,"  and  moves  the  frame  back  again. 
ThenriH  acting  against  O,  moves  it  forward ;  and  so  the  saws  are 
moved  back  and  forward,  as  long  as  the  wheel  turns  round.  As 
these  saws -work  by  the  motion  of  the  engine,  the  hands  op  de- 
scend. The  parts  F  and  G  ought  to  be  made  curve ;  and  little 
wheels  may  be  applied  at  the  points  of  the  triangle  HIK,  to  take 
away  the  fnction  against  F  and  G.  The  axle  of  £e  wheel  may  be 
made  to  carry  more  triangles,  and  work  more  saws,  if  the  power 
is  strong  enough. 

Instead  of  the  triangle  HIK,  the  frame  may  be  moved  by  the 
two  pieces  ab,  cdy  going  through  the  axis,  across  to  one  another. 
So  diat  ab  may  only  act  on  F,  and  cd  on  G.  F  being  only  in  the 
plane  of  ab's  motion,  and  G  in  that  of  cd.  So  that  F  never  falls  in 
the  way  of  cd,  nor  G  in  the  way  of  ab. 

Example  LXXV.   {Fig.  3.  Fl.  XLV.) 

■  A  is  an  eolipik.  This  is  a  hollow  globe  of  brass,  with  only  a 
very  small  hole  at  the  mouth.  Take  it  by  the  middle?  B,  and  set 
it  on  a  fire  till  it  is  heated ;  then  plunge  it  in  cold  water,  and  the 
air  in  it,  which  was  rarified,  will  be  condensed  *,  and  water  will 
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ei»  into  it«  liU  It  W  about  M(  full.  Then,  if  it  be  set  on  the  fire^ 
IM  wMiter  witl  turn  mto  vapour  by  the  heat,  aud  will  blow  oul 
<a,  tiiQ^moutb  with  peit  vtolence^  atid  continue  so  till  the  water  h 

Example  LXXVL  (Fig,  4.  PL  LXV,) 
i\HD  13  a  h^grttscope.  BC  is  an  index  hung  by  the  (thenn) 
skiui^  AB,  the  point  E  hanging  over  the  centre  of  a  cirelej  which 
is  divided  into  equal  parts.  Tlie  string  AB  t^-rists  and  untwists 
by  (h«  moisture  or  dryness  of  the  air.  By  this  means,  the  index 
HC  turns  about,  and  shews  the  degrees  of  drought  or  moisture,  on 
Uiti  t  LUC  inference  D  C, 

ExAitFLE  LXXV IL  {Fig.  1-  FL  XLYL) 

A  windmilL  A 1 10  the  upper  room^  HOZ  the  tinder  one,  AB 
ih^  ctAk'tree^  gQiag  quite  through  the  mill.  STVVY  the  imh  co- 
lered  with  canvas,  set  obliquely  to  the  wind,  and  going  about  in 
OTder  STV^VV,  their  length  about  six  yards,  and  breadth  two, 
i!D  the  €og-wheel  of  dbont  forty-eight  cogs,  tij  e,  a  ;  which  carries 
th«  kntern  EF*  of  eight  or  nine  rounds ^  c,  c,  and  its  axis  GN. 
IK  tlie  tipper  stone  or  runmr  LM  the  hwtr  stmie.  QR  the  bridge^ 
piftportiug  t1  e  axis  or  spindk  GN  The  bridge  is  supported  by 
^  beams  cc^  XY,  wedged  up  at  dj  and  X.  ZY  the  H/img  tree 
standing  upriglit :  ftb^  ef\  levers  whose  cent  res  of  motion  are  Z,  u  * 
^^hi  a  cord  with  a  stone  for  a  balance,  going  about  the  pins  gft. 
The  spirrdle  I'N  is  fixed  to  the  upper  stone  IK,  by  a  piece  of  iron 
called  the  riitd,  fixed  in  the  under  side  of  the  stone.  The  upper 
Htone  onty  turns  nbotd,  and  its  whole  weight  rests  upon  the  bridge 
QR,  and  turns  upon  a  hiird  stone  fixed  at  N.  The  trundle  EF 
and  axis  G^  may  be  ttiken  away ;  for  it  fixps  on  the  lower  part  at 
I,  by  a  square  socket^  and  the  lop  runs  in  the  edge  of  the  beam 
Putting  down  the  end^'  of  the  lever  ye,  raises  fr,  which  raises 
inr,  which  raises  YX,  and  this  raises  the  hridge  Qli,  with  the  axis 
NG,  and  the  upper  esione  IK ;  and  thus  the  stones  are  set  :it  any 
distance.  The  lower  stone  is  h^ieti  immoveable  upon  strong 
|)6ams,  is  broader  than  the  upper,  upon  which  boards  are  placed 
round  the  upper  at  a  small  distance,  to  confine  the  flour  from 
flying  away ;  and  die  flour  is  conveyed  through  the  tunnel  no 
down  into  a  chest.  P  is  the  hopper  into  which  the  corn  is  put, 
vihkh  runs  along  the  ahoe  or  a  pout  r  into  the  hole  tt  and  so  falls 
between  the  dtones  wlieie  it  is  ground*  ITie  axis  is  square, 
which  shaking  the  spout  r  a^  it  goes  about,  makes  the  com  run 
out  I  rs  a  string  going  about  the  [^in  s,  which  being  turned  about, 
moves  the  spout  nearer  or  further  from;  the  axis,  and* so  mak.es 
the  corn  ruu  in  faster  or  s tower,  according  to  tbe  virind*  And 
when  ilit  wind  is  great,  the  siaila  S,  T,  \',  W  are  only  part  of  them. 
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or  one  tide  of  Umid,  covered ;  or,  periiaps,  onl j  a  half  of  two 
oroosite  nils  W  are  covered.  Towards  the  end  £  of  the 
axle-tree  is  plaind  another  cog-wheel,  trundle,  and  stones,  with 
eiactly  the  same  apparatus  as  before.  And  the  axle  carries  two 
par  m  stones  at  once.  And  when  only  one  pair  is  to  grind,  the 
tmbdle  £F  and  axis  Gt  is  taken  out  from  the  other :  is  a  girth 
of  pliable  woody  fixed  at  the  end  j  ;  and  the  other  end  /  iM  to 
the  lever  Am,  moveable  about  k.  And  the  end  m  beins:  put  down, 
draws  the  girth  jyl  close  to  the  cog-wheel,  and  by  this  means 
Ael  motion  of  the  mill  is  stopped  at  pleasure :  ^9  is  a  ladder  going 
iato  the  higher  part  of  the  mill.  The  corn  is  drawn  to  the  top, 
by  means  of  a  rope  going  about  the  axis  AB,  when  the  mill  is 
going* 

In  mills  built  of  wood,  the  whole  body  of  the  mill  turns  round 
to  the  wind,  on  a  tampin  or  perpendicular  post.  But  in  those 
of  stone,  only  the  upper  paOrt  turns ;  the  roof  is  the  sur^e  of  a 
eone ;  there  is  a  wail  plate  of  wood  upon  the  top  of  the  wall : 
in  Ais  a  channel  is  cut  quite  round,  in  which  are  several  brass 
rollers.  The  roof  has  a  wooden  ring  for  its  base,  which  exactly 
fits  into  this  channel ;  and  the  roof  is  easily  moved  round  upon 
die  rollers,  by  help  of  a  rope  and  windlass. 
-  In  the  wooden  mill,  1  is  the  mill  house,  which  is  turned  about 
lo  the  wind  by  a  man,  by  help  of  the  lever,  or  beam  2.  3  is  a 
roller  to  hoist  up  the  steps  4. 

Concerning  the  position  and  force  of  the  sails,  ^ee  Ex.  21, 
before. 

Example  LXXVIIL  (F^.  1 .  P/.  XLVn.) 

AB  a  force  pump.  C  the  piston  fixed  to  the  rod  EC,  move- 
able about  E.  DF  the  handle  moveable  about  D.  a,  (2  two 
clacks  or  valves  opening  upwards.  Tlie  piston  C  must  move 
freely  up  and  down  in  the  barrel,  and  exactly  fill  it,  that  no  air 
get  in.  Tis  made  close  by  circular  pieces  of  leather,  cut  to  fit 
the  barrel,  and  screwed  close  between  pieces  of  brass.  This  pump 
acts  by  pressing  down ;  for  when  the  handle  F  is  raised,  it  raises 
the  piston  EC,  and  the  water  rises  firoin  H,  opens  the  valve 
and  goes  into  =the  barrel,  at  the  same  time  the  valve  a  shuts. 
But  when  F  is  put  down,  the  piston  C  pressing  upon  the  water, 
shuts  the  valve  a,  and  opens  a,  and  forces  the  water,  that  has  been 
raised,  through  the  pipe  BG.  Hie  piston  C  must  not  be  above 
thirty  feet  from  the  water  in  the  well. 

LM  (Ji'ig,  2.  P/.  XLVII.)  is  another  force  pumpy  or  a  lifting 
pump.  N  the  bucket,  a,  6,  c  valves  opening  upward.  This 
pump  is  close  at  the  top  S,  and  the  small  rod  of  iron  plays 
through  a  hole  made  tight  with  leather.  This  pump  acts  by 
forcing  upwards;  for  when  the  handle  P  is  put  down^  it  lifts  up 
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ihe  buclset  N,  the  pressure  shuta  the  valve  5,  opens  c,  and  force* 
iJie  water  in  the  birrel  NS  aloog  ihe  pipe  QR*  At  the  same  time 
the  yalve  a  opens,  and  Jete  in  more  water  from  M  inio  the  barrel. 
And  when  P  ii^  raised,  N  descends,  the  valves  c  shut,  and  h 
opens,  and  !cts  more  water  pass  into  the  bucket  N,  through  the 
iipper  part*  And  when  the  bucket  N  is  drawo  up  again,  the 
Ti-ater  is  forced  along  the  pipe  Qli  as  before.  Thi^i  pump  is  the 
same  as  a  Ufting  pump,  only  there  is  added  the  vaJve  c,  which 
is  not  absolutely  necessary  -  No  hole  or  leak  miist  be  buffered 
below  tlie  pistoo  or  buciket  ;  for  air  will  get  in,  and  spoil  the 
working  of  the  pmnp.  And  the  bucket  must  always  be  withil| 
thirty  feet  of  the  water,  ^ 

In  these  pumps,  the  bore  at  11  or  M,  through  which  the  water 
lises,  sliouid  not  be  too  strait ;  the  wider  it  is,  the  faster  the 
water  ascends.  Nor  should  the  pipe  BG  or  QR,  that  discharges 
the  water,  be  too  strait ;  for  then  the  pump  will  work  slower^ 
and  discharge  kss  water  in  a  minute*  or  require  more  force 
work  it.    For  the  calculation  of  a  pump,  see  Ex.*  22, 

There  are  several  sorts  of  valves  used  in  pump  work,  as  T, 
W;  diat  at  T,  being  made  of  two  pieces  of  Hat  leaiberj  is  called  a 
chck.  These  at  V',  W  are  made  conical,  or  of  any  indented 
figore,  and  fit  exactly .  into  a  hole  of  tli^  same  sliafie.  At  die 
bottom  of  the  valve  is  put  a  pin  across  it,  to  hinder  its  flying  qiiite 
out  of  the  holt*. 


1 


Example  LXXIX.  {Fig,  3.  P^.  XLVIL) 

AB  a  h^^rameUr^  to  measure  the  densities  of  hquors,  especially 
spirituous  liquors.  Thjs  is  a  hollow  ball  of  glass,  B,  partly  filled 
with  quicksiiyer  or  shot ;  and  hermetically  sealed  at  the  top  A, 
when  made  of  a  due  weight,  by  trials.  Tlie  small  tube  AB  is 
divided  into  equal  parts,  and  graiduated  at  equal  distances ^  And 
these  divi^ons  noted  to  which  it  sinks  in  different  fluids  of  thflg 
blast  sorts  ;  which  points  mt^st  he  taken  as  standards  to  comparM 
©thers  with.  Then,  if  the  hydrometer  be  immerged  in  any  fluids 
and  the  point  to  which  it  sinks  in  the  surface  he  maiked,  it  shews 
tbe  densi^  of  it,  and  Its  goodness.  For  it  sinks  deepest  in  the 
lightest  liquor,  and  the  lightest  hqoids  are  the  best, 

E3CAMPLE  LXXX,  {Fig.  A.  PL  XLVIIO 

AB  is  a  tJtarmometirf  to  measure  the  degrees  of  beat.    B  is 
glass  ball  with  a  long  neck  AB*    The  hall  and  part  of  tiie  neck  ' 
filled  with  spirit  of  wine,  tinged  red  with  cochin ^h  and  the  en 
A  is  sealed  nermetically ;  in  the  doing  of  whicb^  the  end  of  f 
tube  A,  the  spirit  and  incloded  air,  a^e  heated,  which  rarifies  t 
air  and  spirit ;  so  that  when  the  end  A  is  sealed^  and  the  tube 
cools,  the  spirit  contracts^  and  there  is  a  vacuum  made  in  the  lop 
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gfth»  tube;  and,  therefore,  the  spirit  expanding  and  contracting 
bj.  heat  and  ooU,  has  liberty  to  rise  and  fiill  in  the  tube.  Thin 
ball  and  tube  is  enclosed  in  a  frame,  which  is  divided  into 
degrees.  Then,  an  the  lop  of  tlie  spirit  rives  or  falls,  the  divisions 
will  shew  the  degrees  of  heat  or  cold.  These  diviMions  are 
axbitraiy,  and,  therefore,  two  thermometers  will  not  gu  together, 
or  shew  the  same  degrees  of  heat  and  cold ;  except  they  be 
made  to  do  so  br  graduating  them  both  alike  by  observation. 
Ibis  is  commonly  put  in  the  same  case  with  the  barometer 
(Fk.  4,  PL  26). 

There  are  other  sorts  of  thermometers.  CD  is  a  ball  with 
a  long  neck  open  at  the  end  D,  partly  filled  with  tinged  spirit 
of  wine,  and  put  with  the  open  end  into  the  vessel  D,  near  tlie 
bottom ;  wbicm  vessel  is  halt  full,  or  more,  of  the  same  spirit. 
The  top  of  the  tube  C£  is  air.  So  in  warm  weatlier,  when  the 
yr  in  C  is  rarified  by  heat,  it  presses  the  spirit  down  into  the 
bucket  D,  and  as  the  point  £  descends,  the  divisions  being 
mariced,  shew  the  degree  of  heat ;  or,  when  it  ascends,  the  de- 
grees of  cold.  Bat  this  sort  is  affected  with  the  pressure  of  the 
atmoepbere,  and  therefore  is  not  so  true. 

Example  LXXXI.  {Fig.  1.  PL  XLVIII.) 

DA  is  an  mrtificial  fountain.  AE  a  strong  close  vessel  of  me- 
tal, AB  a  pipe  reaching  near  the  bottom  of  the  vessel,  and  sol- 
dered <dose  at  A«  F,  A  two  cocks.  If  the  cocks  be  o))ened  and 
water  poured  in  at  A,  till  the  vessel  be  about  half  full,  then 
^|op  the  cock  F ;  and,  with  a  syringe,  inject  the  air  at  A,  till  it 
be  sufficiently  condensed  within  the  vessel.  Then  stop  the  cock 
aft  A,  and  take  away  the  syringe.  Then,  as  soon  as  you  open 
the  cock  at  A,  the  compression  of  the  air  at  C  will  force  the 
water  up  the  tube  BA,  and  spout  up  to  the  height  D ;  and  a 
little  bah  of  cork  may  bs  kept  suspended  at  the  top  of  the 
stream  D. 

But  an  artificial  fountain  is  most  easily  made  thus :  take  a 
strong  bottle  G,  and  fill  it  half  full  of  water.  Cork  it  well, 
and  through  the  cork,  put  a  tube  HI  very  close,  to  reach  near 
the  bottom  of  the  vessel.  Tben  blow  strongly  in  at  H,  till  the 
air  in  the  bottle  be  condensed ;  then  the  water  will  spout  out  at 
H  to  a  great  height. 

Any  of  these  fountains  placed  in  the  sun-shine,  will  shew  all 
the  colours  of  the  rainbow ;  a  black  cloth  being  placed  behind. 

Example  LXXXII.  {Fig,  2.  PI.  XLVIII.) 

CpD  is  Archimede^s  water  screw.  Ibis  is  a  cylinder  turning 
upon  the  axis  CD.  About  this  cylinder  there  is  twisted  a  pipe, 
or  rather  several  pipes  no,  pj,  running  spiral  ways  from  end  to 
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end.    This  cylinder  is  placed  higher  at  one  end  D,  than  at 
olhcr.   And  its  use  is  to  screw  up  th<j  water  from  the  lower  en 
to  the  higher,    AB  is  a  river  mnriing  in  direction  AB.    a,  ^«,  i 
several  floats  fixed  to  the  cylinder.    EF  the  sui-face  of  the  watet 
Since  the  cylinder  stands  in  an  inclined  posittoDj  the  upper  floati 
b  are  set  out  of  the  water,  and  tb(;  under  onei>       withm  iti 
So  ihat  the  water  acts  only  upon  the  under  ones  r,  d;  and  turn 
about  the  cylinder  in  die  order  d,       d.    By  this  motion  th 
water  taken  into  the  spiral  lubes  at  the  low  end,  is,  by  the 
revolution  of  the  cylinder,  conveyed  through  the^  pipes,  and 
discharged  at  the  top  into  the  vessel  G.    If  AB  is  a  standi nj 
water,  there  i%  no  occasion  for  the  floats  abed.    And  then  th 
cylinder  is  to  be  turned  by  the  handle  at        Instead  of  th 
pipe,  a  spiral  channel  may  be  cut  round  the  cylinder,  and  cc 
vered  close  with  plates  of  lead.    The  closer  these  spiral  tubes  are 
the  more  water  is  raised,  but  it  requires  more  force*  Also  the  mow 
the  cybnder  leans,  the  more  water  it  carries,  but  to  a  less  height. 

Example  LXXXIII.  {Tig.  3.  PL  XLVIII.) 
AL  IS  a  rolling  pre^s^  for  copper-plate  printing,    DE^  ¥i 
two  wooden  rollers,  of  about  12  or  t6  inches  diameter,  rui 
ttjng  upon  the  ends  of  two  strong  iron  axles,  that  go  quit* 
through  them,  and  are  fixed  in  them.    To  the  axis  of  the  up 
per  one  DE^  is  fixed  the  handle  BAC.    These  rollers  lun  jn 
nmss  so(;kets,  and  must  run  very  tme  upon  iheir  axles,  and 
may  be  brought  nearer,  or  set  furtlier  from  one  anoihyr, 
wedges  J  in  the  frame  at  H  IK  is  a  flat  table  or  pin 

going  in  between  the  rollers,  and  sliding  freely  upon  the  frann 
LM  the  frame.     NO  a  shelf  to  lay  the  paper  upon*  Wbe 
the  press  is  used,  the  upper  roller  is  folded  round  with  Rannel, 
that  every  part  of  the  print  may  take  an  equal  impression  ;  and 
a  paper  bottom,  spread  upon  the  table  .UIK,  where  the  plate  i*^^ 
to  lie,  to  prevent  the  indenting  of  the  plank ;   ihcn,  warmingHl 
the  plate  well  over  a  charcoal  fire,  and  rubbing  it  with  the  $oft^^ 
of  ink  proper  for  it,  and  laying  it  upon  the  paper  botiomy  on  the 
table  at  H,  take  the  printing  paper,  and  laying  it  carefully  upon 
the  plate,   and  turning  tlie  handle  CAB,  the  motion  of  the 
roller  OH  tarns  the  roller  FGj  and  draws  the  table  through 


and 

a^^^l 

.^heiflll 

io#L^^ 


between  the  rollers,  together  with  the  plate  aod  paper ;  and  th^ 

int 

after  it  has  laid  about  a  day  or  two,  it  is  then  to  he  passed 


0^ 

paper  is  printed. 

Note,  the  paper  must  be  thoroughly  wetted  in  a  trough  ;  and 


through  a  screw  press,  to  squeeze  the  water  out,  and  then  it  is" 
fit  for  printing* 

The  ink  made  use  of  for  printing  copper-plates,  is  made  of^ 
the  atones  of  peaches  and  apricots^  the  bones  of  sheeps' 
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and  imy^  all  Iranit;  this  is  called  Framefort  black.  Hiis 
■iBft  be  well  nound  with  nut  oil,  that  has  been  well  boiled ;  and 
then  it  is  fit  K»r  use.  But  the  best  ink  is  said  to  be  brought 
komBolkmd. 

Example  LXXXIV.  {Fig.  1 .  Pi  XUX.) 

The  jSre  engme  to  raise  water.  LX<  is  a  grrat  beam  or  lever, 
about  24  feet  long,  2  feet  deep  at  least,  and  near  2  feet  broad. 
It  lies  through  the  end  wall  W  of  the  engine  house,  and 
mores  round  the  centre  a,  upon  an  iron  axis.  CC  a  hollow  cy^ 
Imder  of  iron,  40  inches  diameter,  or  more,  and  8  or  9  ieet 
IcMDff ;  P  the  piston  sustained  by  the  chain  LP.  F  the  fire-place 
imder  ground ;  BB  the  hoUer^  12  feet  diameter,  which  commu- 
nicates with  the  cylinder,  by  the  hole  2,  and  throat  pipe  £, 
6  or  8  inches  diameter.  'Ihe  boiler  is  of  iron,  and  covered 
onst  dose  with  lead:  in  this,  the  water  is  boiled  to  raise  a 
steam.  4,  5  is  the  regulator^  being  a  plate  within  the  boiler, 
wfaidi  opens  and  shuts  the  hole  of  communication  2 ;  this  is  fixed 
on  the  axis  3,  4  coming  through  the  boiler,  on  which  axis  is  fixed 
Ibe  horiiontal  piece  A3,  called  the  spanner;  so  that  moving  h 
back  and  forward,  moves  the  plate  4,  5  over  the  hole  2,  and 
back  again.  A/  is  a  horizontal  rod  of  iron,  moveable  about  the 
joint  h,  Jiyedl  a  piece  of  iron,  with  several  claws,  called  the 
wyCf  moving  about  the  axis  de,  in  a  fixed  frame.  Hie  claw  tl 
is  cloven  at  /;  and  between  the  two  parts,  passes  the  end  of  hi, 
with  two  knobs  to  keep  it  in  its  place.  AA  is  the  working  beam, 
in  which  is  a  slit,  through  which  the  claws  jy  pass,  and  are  kept 
there  by  the  pin  q  going  between  them.  DDD  is  a  leaden  pipe, 
called  the  infectionpipe,  carrying  cold  water  fi'om  the  cistern  S, 
into  die  cylinder  CC,  and  is  turned  up  at  the  end  within  the  c;^- 
Under.  /  the  injection  cock,  to  which  is  fixed  the  iron  rod  Jg, 
ypsk%  hcMTizontal.  The  end  g  goes  through  a  slit,  in  the  end  of  the 
piece  rg,  and  on  the  end  is  a  knob  screwed  on,  to  keej)  it  in. 
pdbrg  a  piece  of  iron  with  several  claws  called  the  e/^  moveable 
about  the :  axis  he,  Ibe  claw  rp  goes  through  the  slit  in  the 
beam  AA,  and  is  kept  there  by  the  two  pins  o,  n :  the  claw  rg 
goes  over  the  piece  gf :  as  the  piece  gf  is  moved  back  and  for- 
ward, the  injection  cock /  opens  and  shuts.  1, 1,  &c.  are  several 
holes  in  the  beam  AA,  that,  by  shifting  the  pins,  serve  to  set 
the  pieces  p,  x,  y,  higher  or  lower,  as  occasion .  requires.  N  is 
the  sniffing  clack,  balanced  by  a  weight,  and  opening  outwards, 
to  let  ^ut  the  air  in  the  cylinder,  at  the  descent  of  the  piston.  In 
some  engines  a  pipe  goes  from  it  to  convey  the  steam  out  of  the 
house.  G  is  a  leaden  pipe,  called  the  smkine  pipe,  or  eduction 
pipe,  going  from  the  cylinder  to  the  hot  tueU  H ;  it  is  turned  up 
at  the  end,  and  has  a  valve  opening  upwards ;  this  carries  away 
the-  water  thrown  in  by  ^  cold  water  pipe,  or  injection  pipe. 
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t  14  ih&  jMdmii  ptpe^  fomg  from  the  hot  well  to  the  boiler^  to  i 

k  With  water,  by  a  cock  opening  at  plea^re-  i  are  two 
gi^igi  pip^,  with  cocks,  one  leaching  a  little  Qoder  the  surfaoe  of 
lim  w.itef  Hi  the  boiler,  tbe  other  a  little  short  of  iL  By  open- 
in^  ih^se  trocks,  it  13  known  wben  there  is  water  eooufh  in 
the  boiler ;  for  one  code  will  give  steaiu,  and  the  other  water ; 
tfa^  stAud  in  a  plate;^  whieh  may  be  opened,  for  a  man  to  go  ' 
iole  the  boiler^  to  cle^in  or  mend  it.  m  h  the  puffp^i  clack ; 
from  tht*i  a  wife  comes  through  a  small  hole,  to  whidi 
fisted  a  thread  f oiof  Ofver  a  puUey,  with  a  small  weight  at  it  | 
tbe  weight  on  the  clack  m  is  about  a  pound  for  every  square 
iodi.  Y2  the  sie^m  going  from  the  clackj  out  of  the  house. 
When  the  steam  in  the  boiler  is  too  strongj  it  lifts  up  the  pup- 
pet clack  wi,  and  goes  into  the  steam  pipe  YZ,  by  which  it  is  , 
ooQveyed  aviray ;  otherwise  the  boiler  would  burst.  KK  a  pipe 
carrying  water  fi-om  the  eistern  S,  into  the  cy Under j  to  cmti 
the  piston  to  a  good  depth.  I  a  cock  opening  to  any  wideness^ 
tliat  the  water  may  run  in  a  due  quantity;  M  a  hole  lo 
let  it  out,  through  a  pipe,  into  the  bob-well  H,  when  there 
is  100  much.  VVV  a  force  pump,  with  a  bucket,  and  eladc, 
tnd  two  valyes  opening  upwards*  This  pump  is  close  at 
the  lop  and  being  wrougtit  by  die  lever  LL,  j|  brin^ 
water  out  of  a  pit^  into  the  cistern  S*  Q  the  pit  where  water 
is  to  be  raised.  X,  X,  the  spears  which  work  in  wooden  pumps 
unthii)  the  pit*  The  cy  Under  is  anpporled  by  strong  beams,  as 
7,  6,  ^oing  through  the  engine  house;  6,6  is  tbe  first  floor; 
r,  7  the  opper  floor.  At  O,  i  ii  the  end  of  (lie  beam  LI^  there 
are  two  pins,  which  strike  against  two  springs  of  wood,  fixed 
to  two  timbers,  lying  on  each  side  the  greater  lever  LL  ;  these 
pios  serve  to  stop  the  beanij  and  hinder  the  pbton  coming  too 
low  in  the  cylinder. 

When  liie  engine  is  to  be  aet  to  work,  the  water  in  the 
boiler  must  be  made  to  boil  so  long,  till  the  steam  is  strong 
enough ;  which  is  known  by  opening  the  cocks  i,  i\  Then  the 
hole  2  is  opened,  by  moving  the  spanner  A3  by  band ;  then  the 
steam  is  let  into  the  cylinder,  which  lets  that  end  of  the 
beam  Lt*  rise  up;  this  raises  the  working  beam  A  A,  moves 
the  eft'  prgr  which  moves  gf,  and  opens  the  cold  water  cock  ^fi 
at  the  same  time  is  moved  the  wye  iEyij  which  draws  and 
%h\iU  the  hole  2.  The  cock  /being  open^  the  cold  water  rushing 
ioto  the  cylinder,  ii  thrown  up  agamst  the  piston,  and  de- 
i«.vtiding  in  small  drops,  condenses  the  hoi  mrihed  steam,  and 
kes  a  vacuum  under  the  piston*  Consequently,  the  weight 
the  atmosphere,  pressing  upon  the  piston,  brings  down  the 
•nd  LC,  which  rmses  the  other  end  LQ,  which  works  the 
pumps  Kj  X.  As  the  end  LG  descends,  the  working  plug  AA 
ae&cends,  and  mo  ring  the  eff,  prgf,  and  the  wye,  ^tA,  shuts 
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4ii  4Sold  .  water  oodL  /,  and  opens  the  hole  2,  and  the  steam 
geii  into-  the  OTlinder,  which  takes  off  the  pressure  of  the  at^ 
MSphere-;  and  the  end  LQ  descends  by  the  weight  of  the 
t^mtn  Xy  X ; '  and  the  end  IX)  ascends  as  before,  which  opens^ 
abd  'shuts  2,  So>  by  the  motion  of  the  beam  A  A  up  and  down, 
tlM'  ciock  and  hole  2,  shut  and  open  alternately :  and  by  this 
means  df  condensing  and  rarifying  the  steam  by  turns,  wi^in 
I&0  cyUoder,  tiie  'ter^'  or  beam  LL  constantly  moves  up  and 
down ;  by  which  motion,  the  water  is  drawn  up  by  the  pumps, 
ibid  dcli?ned  into  troughs  within  the  pit,  and  carried  away  by 
drifts  oar  levels.  At  Ae  saroe  time,  the  motion  of  the  beam  LL 
wMsM  dw-pomp  VRV,  and  raises  water  into  the  cistern  S. 
"  When  tM  engine  is  to  cease  working,  the  pins  n,  o  are  taken 
out,  and  tiie  cold  water  cock  is  kept  close  shut,  while  the  end 

.  'The* diameter  of  the  pumps  within  the  pit,  is  about  8  or  9 
uufaes;  «nd  the  bores  of  the  pumps  where  the  spears  X,  X, 
woik,  should  be  made  wide  at  the  top;  for  if  they  be  strait, 
more  time  is  required  to  make  a  stroke,  and  the  barrels  are  in 
danger  of  buristing.    Likewise,  if  water  is  to  be  raised  from  a 


11%;  dieielbre  it  is  better  to  m^ke  2  or  3  lifts,  placing  cisterns 
to  seoeiTe  the  water. 

She'spears  or  rods,  that  work  in  the  pumps,  consisting  of  several 
lengths,  are  joined  thus :  each  piece  has  a  stud  a/^Fig.  1.  P/.  LVIII) 
and  a  hole  b;  which  are  made  to  fit ;  and  the  studs  of  one  being 

Snt  dose  into  the  holes  of  the  other,  and  the  iron  collar  g 
rove  upon  them  to  the  middle  el,  they  are  firmly  fixed  together. 
There  is  never  made  a  perfect  vacuum  in  the  cylinder;  for 
as  soon  as  the  elastic  force  of  the  steam  within  is  sufficiently 
diminished,  the  piston  begins  to  descend,  the  vacuum  is  such, 
that  about  8  lb.  presses  upon  every  square  inch  of  the  piston, 
or,  in  some  engines,  not  aoove  6  lb.  This  engine  will  make 
13  or  14  strokes  in  a  minute,  and  makes  a  6  foot  stroke ;  but 
tilie  kiger  the  boiler  is,  the  faster  she  will  work.  A  cubic  inch 
of  water  in  this  engine  will  make  13340  cubic  inches  of  steam ; 
which,  therefore,  is  15  times  rarer  than  common  air.  But  its 
elastic  .force  within  the  boiler  is  never  i^r  stronger  or  weaker 
tiian  common  air ;  if  stronger,  it  would  force  the  water  out  of 
the  feeding  pipe.  . 

This  engine  will  deliver  300  hogsheads  of  water  in  an  hour, 
to  the  height  of  60  fathom,  and  consumes  about  30  bushels  of 
coals  in  12  hours. 

In  some  edgines  there  is  a  different  contrivance  to  open  and 
shut  the  regulator,  which  is  performed  thus :  (Fig.  1.  PL  LIX.).  as 
the  beaiu  QQ  ascends,  it  raises  G5,  turns  the  wye  56CEt)4  about 
the  axis  AB ;  and  the  weight  C  falling  towards  B,  the  end  £  strikes 


will  be  in  danger  of  burst- 
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a  smart  blow  on  the  pin  and  drives  the  fork  FL  towards  L; 
v/Mch  draws  the  spanner  PO  towards  and  shuta  the  regula- 
tor. And  when  the  bpam  QQ  descends^  a  pin  in  it  puts  down 
the  end  4,  and  turns  die  axis  A B,  and  the  weight  C  descending 
towards  5,  throws  the  end  D  of  the  wye  against  L,  which 
moves  POt  and  opens  the  regulator:  the  spanner  FO  sliding 
upon  the  horizontal  piece  O.  There  is  a  coro  roj*,  fixed  ai  r, 
and  the  top  of  the  wye  O,  to  hinder  it  from"  going  too  fax  on  each 
side, 

Likewise,  for  opening-  and  shuttlngt  he  injection  cock  ;  instead 
of  the  pieces  r^,  ^rf  of  the  eff  {Fig,  l^PL  XLIX.)  some  engines 
have  quadrant  o'f  2  wheels  H,  I,  {Fig.  1.  PL  LIX.)  with  teeth, 
which  moving  one  the  otl*er,  opens  oc  shells  the  cock  J'^  of  the 
injection  pipe  K. 

In  sorn^?  engines  there  is  a  catch,  held  by  a  chain  fixed  to  the 
great  beam ;  and  this  catch  holds  the  eff  from  falling  back, 
and  opening  the  cold  water  cock  ;  till  the  rising  of  the  beam 
pulls  tlie  catch  np  by  the  chain,  and  then  the  eff  falb* 

A  Cftlcuhlion  of  the  cylinder  ajidpumpit  of  iltejire  engine. 

If  it  be  refjnired  to  make  an  engine  to  draw  any  given  num- 

befr  of  hogsheads  of  water  in  an  hour,  firom  /  fathom  deep,  lo 

make  any  immber  of  strokes  in  a  minute,  by  a  6  foot  stroke ; 

find  the  ale  gallons  to  be  drawn  at  1  stroke,  which  is  easily 

found  from  t!ie  mvmber  of  strokes  being  given. 

Let  ^  "  number  &f  ctfe  g(dlon$  to  be  drman  at  1  stroke. 

If  —  jm^np^s  diameter.       )   -    ■  j 
^    1  \s  *  J*     ±      I  in  inches, 
c  —  cyhnder  s  ammeter.  \ 

And  supposing  the  pressure  of  the  atmosphere  on  an  inch  of 
the  piston,  to  be  7  lb. 

Then  c  —  p  ^/ — —  =  V — j— 

Hole,  if,  instead  of  7,  you  suppose  the  pressure  of  tbe  atmosphere 
to  be  i  pounds;  and  instead  of  a  6  foot  stroke  to  make  an 

r  feet  stroke ;  then  p=fy        x^gt  and  c  —  j/li^^^* 

Example  LXXXV.  {Fig.  1.  PL  L.) 

AB  is  the  waHr  engi^te  to  qneaeh  fire.  D,  E  are  two  ptmps 
5  inches  diameter,  having  each  a  clack  in,  b  opening  upwards, 
CO  a  iarge  copper  air  vessel  9  inches  dianteier.  This  vessel 
stands  upon  a  strong  plate  he,  5  or  6  inches  above  the  bottom 
of  the  chest  NM.  SY  is  a  brass  pipe  coming  through  tbe  end 
of  the  chest  at  S  i  and  at  Y  it  divides  into  two  cavities  going 
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under  the  copper  pot  CO,  to  the  two  pumps  E,  D.  The  cavity 
YW  leads  to  the  pump  E.  And  airectly  above  this  cavi^ 
aft  Wy  there  is  another  cavity  communicating  with  the  pump  £. 
Aad  above  the  cavity  is  placed  the  valve  opening  up- 
wards into  the  copper  pot  CO,  from  this  cavity.  There  are 
the  like  cavities  belonging  to  the  pump  D ;  the  first  going  to 
liie.  valve  a;  the  other  from  the  pump  to  the  valve  f  of  the 
copper  pot.  These  cavities  are  made  of  hollow  pieces  of  brass 
screwed  &st  together.  Z  is  a  cock,  through  which  are  two 
passages,  one  along  the  pipe  SY,  and  another  at  the  side  of  the 
|tipe  mto  the  chest  NM.   Iliis  cock,  by  turning  the  handle  ct^ 

ra  one  passage  and  shuts  the  other,  as  tliere  is  occasion, 
a  leather  pipe  to  be  screwed  on  the  end  S,  to  draw  water 
out  of  a  well  or  nver. 

'  PE  is  the  conduit  pipe  reaching  near  the  bottom  of  the  vessel 
CO,  and  soldered  dose  into  the  top  of  it  At  R  and  Q  are 
•crews,  so  that  the  pipe  may  he  turned  in  any  direction  by  the 
aMU'  that  holds  it.  And  at  V  a  copper  pipe  must  be  screwed 
on^  or  else  a  long  leather  one,  which,  bemg  flexible,  is  carried 
into  rooms  and  entries.  HI  an  iron  axis,  to  which  the  iron 
levers  FG,  LK.  are  fixed.  This  axis  moves  in  sockets  about 
H,  I,  which  are  screwed  hard  down.  FK,  GL  two  wooden 
haadfes  fixed  to  the  levers  to  work  them  by.  gA,  pi.  are  two 
arches  of  iron  fixed  on  the  axis  HL  fdj  mn^  the  shanks  of  die 
pistons,  being  two  strong,  rods  of  iron,  jfgy  ht,  Iq^  mp  jfour  iron 
chains  fixed  at  fy  g;  and  A,  t;  and/,  q;  andatiR,j9.  At^ 
and  m  are  screws  to  screw  the  chains  tight :  these  chains  work 
the  pumps. .  For  when  FK  is  put  down,  the  chain  fg  pulls 
down  the  rod  of  the  piston  fd.  And  when  FK  is  raised,'  the 
chain  th  pulls  it  up  again.  And  the  same  way  the  chains  Iq^ 
raise  and  depress  the  piston  mn.  In  some  engines  there 
are  two  arches,  like  hg,  tp,  fixed  near  the  end  I  of  the  axis, 
and  chains  at.  them;  from  the  ends  of  .which,  as  also  from  t 
and  g,  two  boards  are  suspended.  These  boards  serve  for  treadles 
for  men  to  stand  upon,  to  help  to  work  the  engine. 

The  vessel  CO  and  two  pumps  are  inclosed  in  a  chest  AN, 
and  the  whole  machine  moveable  on  wheels.  The  fore  axle- 
tree  turning  on  a  bolt  in  the  middle,  for.  the  conveniency  of 
turning  to  either  side.  But  there  are  a  great  many  forms  of  these 
engines.  In  some,  the  lever  lies  cross  over ;  in  others,  length- 
ways ;  in  some,  there  is  no  chain  work,  but  only  pins  for  the 
pistons  to  move  upon.  , 

When  the  engine  is  to  play,  if  it  is  by  the  water  in  a  river, 
&c.  the  pipe  must  be  screwed  on  at  S.  and  the  end  put 
into  the  water.  But  if  water  is  to  be  fetched,  it  mtisl  be 
poured  into  the  chest  M,  which  runs  through  the  holes  T,*into 
the  body  of  the  engine  N.    Tlaen  turning  the  cock  eeZ  to  open 


212 


DESCRIPTION  OF  Sect.  XI 


the  proper  communication,  the  handles  FK,  GL,  must 
moved  up  and  donvn  by  men ;  by  which  means  water  is  drai 
into  the  pumps  D,  and  forced  into  the  vessel  CO,  and  o 
of  the  pipe  PR.  For  ^e  piston  mm  being  raised,  the  water 
drawn  along  the  cavity  ZYW,  through  the  valve  into  t 
pump  £ ;  and  when  mn  is  depressed,  the  valve  6  shuts,  and  t 
water  is  forced  into  the  cavity  y,  through  the  valve  r,  and  ix 
the  pot  .  CO  ;  which  cannot  return  for  tibe  shutting  of  the  val 
r,  when  the  piston  mn  rises  again.  And  the  like  for  the  odi 
pomp  D.  Since  the  piston  of  one  pump  goes  down  whilst  \ 
other  goes  up,  the  water  is  forced  by  turns  into  the  vessel  C 
by  th^e  two  pumps;  so  that  there  is  always  water  going  i 
And  the  air  confined  at  top  of  the  vessel  at  C  being  condense 
will  press  the  water  up  the  pipe  PRQV,  and  make  it  flow  wi 
a  continual  stream.  If  the  water  in  C  be  compressed  into  h 
the  spaoe,  it  will  force  the  water  to  80  foet  high< 
■  In  some  engines,  there  is  another  pipe,  as  PR,  coming  throoj 
the  copper  pot,  and  through  the  side  of  the  engine,  and  tiic 
two  pipes  may  play  both  at  once,  if  there  is  occasion.  And 
not^  the  end  of  one  is  screwed  up.  ■ 

Example  LXXXVI.  (Jig,  1.  FL  LI.) 

A  ihip.  Tim  is  the  noblest  machine  that  ever  v^as  invents 
It  is  so  compoanded,  and  consists  of  so  many  parts^  that  it  wou 
require  a  whole  volume  to  describe  it.  Some  of  the  princif 
parts  are  these. 

A  the  huU.  V  stays. 

B  the  bow.  Vv  main-«tay,  &c. 

C  the  forecastle.  W  shrouds. 

D  the  main  deck.  X  main-top-mast  back-stay 

£  the  stern.  Y  the  crane-line. 
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ad»  ptrpendlpularly  upon  the  plane  of  mnr  taH,  and  urges  the 
lUp  m  aueetum  or  mat  perpendicular.  And  by  the  help  of 
Ike  mddcr  H,  ahe  is  made  to  keep  an^  direction  required.  For 
H  IbS'  mdder  be  put  about  to  any  side,  the  water  (a»  the  ship 
wawm  along)  will  act  Tiolently  against  it,  and  drive  the  stem 
Iha  odnliuy  way,  or  her  head  tiie  same  way,  as  the  rudder.  A 
dup  wifli  a  fiur  bjtiik  wind  will  sail  8  or  10  miles  an  hour. 
• 'Ikajtw^  one  aailmi^  have. the  greatest  force  to  move  a  shin 
Ibnmd,  it  must  be  so  placed  between  the  point  of  the  wind 
and  4ie  ship's  way,  that  the  tangmt  of  the  angle  it  makes  with 
th^  iriad,  may  be  twice  the  tangeni  of  the  angle  it  makes  with 
Ai^sfaqi'away. 

WThen  'tli^  rudder  is  set  to  an  angle  of  54^  degrees  with  the 
keel,  it  has  the  greatest  force  to  turn  the  snip,  and  make  her 
«aisietth»hdm. 

.  Beeane  the  figure  of  a  ship  is- the  cause,  of  her  going  well  or  il^ 
and.  ati  neking  more  or.  less  way  through  the  water ;  I  shall 
hen  glTe  the  construction  of  the  fore  part  of  a  vessel,  that  wiH 
mote  tiiroagh  the  water  with  the  least  nMsible  resistance. 
.  Let  DdAcC  (1%.  1.  PL  LXV.)  be  the  water  Une^  or  horixontal 
aeotkm  (tf  the  water  and  the  hull  of  a  ship,  AB  30  feet,  CD  die 
gieataift  fateadth  20  feet,  fiC  10  foeet  Af  E  the  stem  and  part 
^if.flie-keeL  Then  the  following  table  shows,  the  length  of  every 
ordinate,  as  be,  taken  at  the  distance  Ab,  or  1,  2,  3,  &c.  foet 
from  A;  by  which  the  curve  AcC  is  determined. 


LMgthdr 

Lmgfhaf 

Lengtiiof 

Length  of 

ABIoAet 

AB  in  feet 

6e  in  feet; 

1 

0.90 

16 

636 

2 

1.48 

17 

6.64 

3 

1.96 

18 

6.92 

4 

2.39 

19 

7.19 

5 

2.79 

20 

7.46 

6 

3.17 

21 

.  7.73 

7 

3.54 

22 

i  7.99 

8 

3.89 

23 

1  8.25 

9 

4.22 

24 

8.51 

10 

i  4.35 

25 

1  8.76 

11 

4.87 

26 

9.01 

12 

5.18 

27 

9.26 

13 

5.48 

28 

/  9.51'. 

14 

5.78 

29 

:  9.76 

15 

-  6.07 

30 

10.00 
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The  prarike  it  ^ns :  having  made  AB=30  feet,  and,  accord- 
ingly,  divided  it  into  30  equal  parti ;  at  the  several  points  of 
divisioTJ,  erect  perpendiculars  to  A B,  equal  to  ihe  lec^ha  given  in 
the  second  column  of  the  table.  The  curve  AcC  drawn  through 
the  en  lis  of  all  the  ordinates,  is  the  figure  of  the  ship  on  each  side. 

The  curve  ArE,  which  Ihe  Etem  and  keel  make,  rouEt  be  the 
same  curve  as  AcC ;  if  the  depth  BE  is  supposed  equal  to  BC, 
and  the  urdinates  be^  BE  must  all  be  drawn  perpendicular  to  AB. 
But  if  the  depth  BE  be  taken  greater  or  leas  than  BC,  iheo  the 
ordinate^  must  be  taken  peater  or  leas  lu  proportion. 

Again  J  if  CDE  be  the  section  of  the  ship,  made  perpendicular 
to  the  axis  AB,  or  horizontal  plane  CAD^  and  cm  l>e  any  other 
section  parallel  lo  it;  theoj  whatever  the  curve  CED  is,  all  the 
sections  ced  must  be  simUar  to  it. 

If  a  shi|^  is  required  to  be  built  either  greater  or  less  than  this, 
then  it  is  onljr  takin)^  a  greater  or  less  lengthy  instead  of  a  foot, 
and  divitling  it  decimally,  and  using  it,  instead  of  a  foot,  to  mea^ 
sure  off  the  lengths,  as  in  the  table. 

Likewise,  if  it  was  required  lo  have  the  breadth  to  be  greater 
or  less  than  is  here  as.5figned,  whilst  the  length  remains  the  same, 
then  It  i^  only  taking  a  proi>OTtionally  greiiter  or  less  line,  instead 
of  a  fool,  and  setting  off  the  ordi nates  be  by  that.  And  thus  llie 
requisites  may  be  altered  at  pleasure,  still  retaining  the  general 
construction. 

If  aiiy  ship  carpenter  tliitiks  fit  to  build  a  ship  according  to 
this  modtl,  it  will  be  found  to  m^^ve  faster  through  the  water, 
than  any  other  ship  of  the  same  length,  bv^adth,  and  depth, 
and  of  a  different  form.  The  form  of  the  curve  is  truly  repre^ 
sen  ted  by  the  curve  AcC. 

But  it  must  be  observed,  timt  the  curve  at  C,  the  broadest 
part,  js  noi  perpendicular  to  the  ordinate  BC,  but  makes  an 
angle  of  about  70  degrees;  to  avoid  this,  it  will  be  pioper  to 
produce  AB  a  little  further,  and  turn  the  side  AC,  at  round 
in  a  curve,  as  quick  as  possible.  Or  else  make  the  2  or  3  last 
perpendicular  ordinates,  somediing  le^s  than  in  the  table,  that 
the  part  of  the  curve  at  C  may  be  in  a  parallelism  with  AB,  as  it 
ought ;  berause  C  is  the  broadest  part. 

But  though  the  form  here  given  is  the  most  proper  for  sniU 
ing  fast ;  yet,  perhaps,  it  may  not  be  so  commodious  as  the  com* 
mon  form,  upon  other  accounts,  as  for  the  stowage  of  goods, 
&c.  Yet  privateers  and  ships  of  war  made  to  pursue  the  enetny, 
ought  to  be  built  as  near  this  form  as  they  can  conveniently. 
For  it  is  a  matter  of  great  moment,  either  to  have  it  in  our 
power  to  come  up  witli  a  ship  we  are  able  lo  take,  or  else  lo 
ny,  and  escape  from  one  of  superior  force. 

That  [i  ship  may  steer  well,  Hie  water  ought  to  come  freely 
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ttd  diieetly  to  die  rodder;  and,  therefore,  she  must  not  be  too 
AoiC  from  tiw  middiip  to  the  stem  :  and  towards  the  stem  she 
mtriie  welly  and  be  built  Tery  thin  below,  lessening  graduall/ 
tD  the  stenv-poft.  Likewise,  she  must  draw  considerably  more 
mtu  abaft  than  afore.  To  carry  a  good  sail,  and  also  to  avoid 
loDiDg,  she  most  be  made  pretty  deep  in  the  hold.  As  to 
the  vead  woik,  or  upper  part  of  the  ship,  that  may  be  left  to 
the  flinej  of  ^  bailder,  or  contrired  to  answer  such  conyeni* 
ences  as  Hiay  be  wanted. 

Example  LXXXVU.  {Fig.  1.  PL  LII.) 

AT  an  otr  mimp.  C,  D  two  brass  cylinders,  2  or  three  inches 
diameter,  ana  a  foot  high,  having  two  valves  at  the  bottom 
opening  upwards,  t,  t  two  pistons  working  in  the  cylinders, 
having  two  valves  also  opening  upwards.  IF  a  handle  going 
vpon  the  axis  of  the  wheel  or  lantern  E,  which  wheel,  by  the 
mall,  moves  the  racks  G,  G ;  and  by  them  the  pistons,  vrithin 
the  <7linders  or  pumps.  AB  a  table  or  plate  supported  by  the 
pittuB  I,  I,  I,  I.   H  the  receiver  of  glass,  which,  oy  the  hollow 

S'pe  of  brass  nooo,  called  the  swan  s  neck,  communicates  vrith 
9  cylinders  by  means  of  a  hollow  brass  pipe  PQ,  into 
^ifaif^  the  swan's  neck  passes,  rrs  a  mercurial  gage,  being  a 
ghM  tube  standing  in  the  bucket  of  mercury  s,  and  commnni* 
eating  with  the  pipe  no.  K  a  cock  under  the  table  AB  to  let 
in  air  into  die  pipe  no,  and  so  into  tlie  receiver,  when  there  is 
ooeaiion. 

When  the  air  is  to  be  drawn  out  of  the  receiver  H,  a  wet 
leather  is  placed  over  the  plate,  and  upon  that  the  receiver  H. 
Then  raising  the  right  hand  F,  the  piston  t  of  the  barrel  D  is 
raised,  which  takes  off  the  weight  of  tlie  atmosphere ;  conee- 
qoentfy,  the  air  passes  out  of  the  receiver  H,  through  the  swan's 
neck  no,  and  through  the  hollow  brass  PQ,  through  the  valve 
into  the  cylinder  D.  Then  the  right  hand  F  put  down,  the 
valve  at  the  bottom  of  the  cylinder  D  shuts,  and  the  air  passes 
through  the  valve  at  t:  at  the  same  time  that  the  left  hand 
being  raised,  draws  the  air  from  the  receiver,  through  noP, 
diroug^  the  valve  into  the  cylinder  C.  So  that  by  the  motion 
of  the  handle  FF  up  and  down,  the  air  is  at  length  drawn  out 
of  the  receiver  H,  by  the  pumps  C,  D ;  and  the  rarity  of  the 
air  widiin  the  receiver,  is  known  by  the  height  of  the  mercury 
in  the  tube  rs,  which  is  known  by  the  graduated  frame.  An 
abiolute  vacuum  can  never  be  perfectly  made.  For  when  the 
spting  of  the  air  is  so  weak,  as  not  to  be  able  to  lift  up.  the 
ydves  at  the  bottom  of  the  cylinders,  no  more  air  can  be  drawn 

ODt. 

Tbt  handle  F  (Fig.  1.  PL  LIII.)  is  lately  made  to  turn  always 
Q 
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one  way ;  thus  A  La  a  crank  turned  by  the  bandle  F.  NN  tb« 
lender  or  sword  going  over  the  pin  1,  in  the  wheel  Whilst 
the  crank  A  is  rising,  it  raises  the  side  S  of  the  wheel,  aod  when 
the  crank  descends,  it  thrusts  down  the  same  side  S  of  the  wbeel 
E,  So  the  racks  are  alteniately  raised  and  depre:i9ed  as  ihe  crank 
g^es  about. 

There  are  several  sorts  of  glasses  made  use  of  for  the  air 
pump*  As  A  {Fig,  2.  PL  LIll.)  a  receiver  open  at  top,  covered 
with  a  brass  plate  and  oiled  leather  at  aoo  kept  down  by  tlie 
crosa  piece  EF,  screwed  down  upon  the  pillars  BC,  which  pillars 
are  screwed  into  ihe  table  A  B  of  the  air  pump, 

H  {Fig.  3.  PL  LLQ.)  a  receiver  open  at  lop,  with  a  plate  and 
collar  of  wet  leathers  K,  through  which  goes  the  slip  wire  GI, 
so  tight  as  to  let  no  air  in*  This  serves  to  lift  any  thing  up  by 
the  hook  I. 

MP  is  a  transferrer,  N  is  a  plate  and  leather,  on  which 
stands  the  receiver  M.  NP  a  holbw  tube  going  through  the 
plate.  O  a  cock  to  open  or  shut  the  passage*  The  cock  O  being 
open,  and  the  air  eiiJhausted  by  the  pump,  and  then  the  cock 
being  shutj  the  receiver  and  pipe  rany  be  taken  away  from  the 
air  pump,  the  vacuum  remaining  in  M* 

L  a  receiver  close  at  the  top  j  with  infinite  odiers  of  like 
sort. 

Example  LXXXVUL   CF%.  L  PL  LIV.) 

London-brkl^  waters-works.  AB  the  axis  of  the  water-wheel 
CD  ;  which  Wheel  is  20  feet  diameter,  and  the  axis  3  feet,  and  19 
feet  long,  E,  E  26  floats  l  J  foot  broad.  G  a  spur  wheel  fined 
to  die  axis  AB,  8  feet  diameter,  44  cogs  of  iron ;  this  moves 
the  trundle  H  4|  feet  diameter,  and  20  rounds ;  HI  its  iron 
axii,  IK  a  quadruple  crank  of  cast  iron  6  inches  square^  each 
crank  being  a  foot  from  tlie  axis.  The  crank  is  fastened  to  the 
axis  at  I,  by  help  of  a  wedge  going  through  both,  which  causes 
the  crank  to  turn,  L,  L  four  iron  spears  belonging  to  the 
cranks^  and  fixed  to  the  4  levers  MN,  3  feet  from  the  ends ; 
which  levers  are  24  feet  long^  moving  on  cerilres  in  a  fi-ame  of 
wood,  Pj  P  four  force  pumps  of  cast  iron,  wrought  hy  four 
pistons  or  rods,  NP.  These  pumpsi  are  7  or  8  inches  diameter, 
having  valves  opening  upward.  O  a  hollow  trunk  of  cast  iron, 
to  which  the  pumps  are  close  fixed,  Q  a  sucking  pipe  goiog 
into  the  water.  R,  R  four  hoUow  pipes,  7  inches  diameter^  and 
close  fixed  to  the  lower  part  of  the  pnmps ;  these  pipes  are  close 
screwed  to  the  hollow  iron  trunk  S,  into  which  4  valves  open, 
T  a  pipe  communicating  with  the  trunk  through  which  the 
water  is  forced  to  any  height.  There  are  also  four  forcers  placed 
at  the  ends        M  of  the  levers  M,  N,  and  working  in  four 
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mm  pompty  to  which  belong  other  trunks  and  pipes,  O, 
By5.  At  B  the  other  end  of  the  azisy  theie  is  ^aoed  exactly 
Iba  Jttse  WQik  as  at  A ;  so  that  the  great  wheel  CD  woiks  16 
pompa;'  There  is  also  a  machine  made  of  cogp-wheels  and  tnin- 
dleiy  contrived  to  raise  the  great  wheel  as  the  tide  rises.  The 
gnat  wheel  will  go  at  any  depth  of  water ;  and  as  the  tide  tarns, 
Sie  wheds  go  the  same  way  with  it ;  but  stand  still  at  high  and 
low  water. 

Afl  the  great  wheel  is  carried  about  by  ^  tide,  it  carries 
nmnd  the  spur  wheel  G,  which  carries  the  trundle  H  with  the 
cranks  IK,  which,  by  the  swords  L,  move  the  levers  MN.  When 
the  end  M  is  pulled  down,  N  is  raised  with  the  piston  NP  in 
die  pomp  P,  by  which  means  the  water  is  drawn  out  of  the  river 
diiooi^  die  ]npe  Q,  into  the  pump  P;  and  when  NP  de* 
soends,  the  vahe  shuts,  and  the  water  is  forced  through  die 
pipe  tfaroogh  die  tnmk  S,  and  along  the  pipe  T  into  the 
town.  And  when  N  rises  up  again  by  the  motion  of  the  cranks, 
ttie  Talve  in  9  shuts,  and  that  in  the  pump  opens,  and  more  water 
rises  .dndu^  the  pipe  Q  into  the  pump  P.  And  as  the 
cranks  stand  every  way,  there  is  always  water  rising  in  some  of 
the  pumps;  and  some  always  forcing  dirougb  R,  S,  T.  When 
the  tide  is  strongest,  the  great  wheel  goes  6  times  round  in  a 
minute.  This  engine  is  said  to  raise  30  or  40  thousand  hogsheads 
of  water  in  a  day. 

Example  LXXXIX.  (Fig.  1.  PL  LV.)  ' 

TkepUe-^ngmefor  WeUmintter-bridge.  A  the  great  cog-wheel 
fixed  to  the  great  shaft  D.  MO,  a  trundle  and  flv  turned  by 
the  cog-wheel ;  this  is  to  prevent  the  horses  from  falling  when 
the  ram  is  discharged.  B  tne  dram  or  barrel  on  which  the  great 
rope  is  wound.  C  a  less  barrel  on  which  the  rope  L  is  wound, 
carrying  the  weight  N.  The  use  of  this  is  to  hinder  the  follower 
from  fiafitng  too  i^t.  The  barrels'  BC  are  moveable  about  the 
great  axis  D.  The  cog-wheel  and  barrel  B  are  fixed  together 
the  bolt  F,  going  through  the  cog-wheel  into  the  barrel, 
is  a  lever  moveable  about  1,  going  through  the  great  shaft 
D ;  diis  lifts  up  the  bolt  F,  the  end  £  being  made  heavier  by  a 
weight ;  by  which  means  it  locks  the  barrel  B  to  the  great  wheel 
A.  KI  the  forcing  bar  going  into  the  hollow  axis  of  the  great 
shaft  D :  this  rests  upon  the  lever  EI.  XY  a  great  lever  move- 
able about  3,  the  end  X  being  heavier,  which,  with  the  end  Y, 
messeis  down  the  bar  KI,  thrusts  down  the  end  of  the  lever  at 
F,  and  lets  the  bolt  F  descend,  to  unlock  the  barrel  C.  Z  a 
rope,  fixed  at  X,  and  going  up  ^roug^  the  guides  at  R.  GK  a 
crooked  iever  moveable  about  2,  the  roller  at  die  end  G  being 
pressed  vrith  the  great  ix>pe,  forces  the  end  K  against  die  catcm 
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at  K,  and  hinders  the  bar  KI  from  ascending.  When  Oie  rope 
H  3lack€ns,  the  spring  T  forces  the  end  K  fr^m  Uie  catch,  and 
the  har  KI  ascends.  H  the  great  rope  going  round  the  barrel) 
B,  over  the  pulley  P,  up  to  the  top  and  over  the  pulley 
then  down  to  the  follower,  where  it  h  fixed.  T  the  rann  Ihal- 
drives  the  piles.  S  the  follower,  in  which  is  fixed  tlie  tongs  Wj 
moveable  aboui  the  centre.  VV  the  guides  between  which  th^ 
ram  falls.  At  the  inside  of  the  guides  at  where  they  are  fas- 
tened together,  t^iere  are  two  inclined  planes.  At  llie  bottona 
of  the  fol lower  is  a  slit,  to  receive  the  handle  6  of  the  ram  T,  t& 
he  taken  up  by  the  tongs  W.  a,  A,  <r,  d  timbers  for  horses  to 
draw  at,  in  direction  uhcd. 

As  the  hor^s  go  round,  the  great  rope  H  is  wound  about  the 
barrel  B  ;  and  the  follower  S,  and  ram  T  are  drawn  up,  till  ike 
tonga  come  between  the  inclined  planes,  which  jiqueeaing  the 
ends  4 J  4  together,  opens  the  end  5,  and  lets  the  ram  fall  dowii* 
Then  the  follower  S  takitig  hold  of  ihe  rope  Z,  raises  the  md 
X,  and  depresses  the  end  Y  of  the  lever  XY,  which  thrusts 
down  tlie  bfir  KI,  which  ihrusts  down  the  end  FI  of  the  leveu 
EI,  vpitli  die  holt  F,  and  urdocks  die  barrel  B,  which  lumiiij 
about  tlie  axis,  the  follower  S  descends  by  its  weight,  till  it  comes 
to  the  ram  T ;  and  the  end  5  of  the  tongs  slips  over  the  handle 
6  of  the  ram.  Then  the  rope  H  slackens,  and  the  spring  7 
forces  the  end  K  from  off  the  catch  at  top  of  the  bar  kl,  and 
lets  the  bar  rise,  and  the  weight  E  raises  the  bolt  F,  and  loqkt 
the  barrc4  B  to  the  wheel  A  ;  and  the  horses  still  going  aboot^ 
tike  end  5  of  the  tong^i  takes  hold  of  the  handle  6,  and  the 
ram  T  is  taken  up  as  before. 

All  this  machine  ii  placed  upon  a  boat,  wMch  swims  upon  the 
water;  and  so  is  easily  conveyed  to  any  place  desired « 

Example  XC.  {Fig,  1,  PL  LVI.) 

GU  a  blowing  wheel.  AB,  CD  an  iron  cross;  to  this  ii  ibied 
the  circle  of  iron  EF.  To  these  are  fixed  12  leaves  I,  I,  1^ 
which  reach  no  nearer  the  centre  than  tlie  iron  circle.  1,  1^  i 
are  holes,  through  which  the  air  passes  into  the  cavities  between 
the  leaves.  Tliere  is  the  same  cross  and  iron  circle  on  the  other 
side,  but  without  any  hole.  Through  the  centre  of  both  sides 
is  put  an  iron  axis  and  fixed  there^  and  on  the  further  end  a 
handle  is  put  to  tum  it  by.  This  wheel  is  inclosed  in  a  case^, 
which  just  touches  the  edges  of  all  the  leaves.  But  the  rim  or 
out  edge  KR  is  at  a  Ismail  distance  from  the  ends  of  the  leaves, 
On  this  side  or  flat  of  the  ease^  there  is  a  hole  left  against 
the  boles  1,  1 ,  to  let  the  air  through ;  the  other  jlat  ts  close* 
LM  is  the  suckitig  pipe,  being  a  tube  hxed  upon  the  case,  sa 
m  to  communic^e  with  the  cavities,  by  tlie  holes  1,  1.   G  i» 
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bhnnng  pipe^  and  is  another  wooden  tube  commnnicatiDg 
I  nune  of  case.  The  axis  turns  upon  two  concatt 
ptoes  of  BMtal  fixed  to  the  case,  the  handle  bem^  on  the  badL 
side  of  *tfie  figure,  abed  is  a  thin  rine  of  wood  fastening  the 
s  all  toother;  and  the  like  on  the  other  side.  On  these 
are  pot  two  circles  of  blanketing  to  go  close  to  the  case, 
[  also  upon  the  iron  circle  EF. 
The  frame  being  fixed,  and  the  handle  turned  about  in  the 
Older  BCAD,  the  •  motion  of  the  leaves  moves  the  air  very 
fwiltij  Ss  the  Outside,  which  being  confined  by  the  rim,  is  forced 
.in  a  tsap^ent  along. the  tube  G;  whilst  new  air  ascends  alonff 
the  sucking  pipe  LM,  passes  through  the  hole  in  the  frame,  and 
fittoogfa  the  Doles  1,1,  into  the  cavities  between  the  leaves ;  and 
SO  thrown  out  of  the  wheel,  through  the  blowing  pipe  G. 

If  die  pipe  LM  be  continued  to  the  place  where  any  foul  air 
is^  it  may  soon  be  thrown  out  through  the  tube  G,  and  dis- 
pirsed  abroad.  Or  if  the  tube  LM  communicate  with  the 
vesh  'air^  and  O  with  any  dose  room,  firesh  air  may  presendy  be 
injected  into  die  room. 

Sample  XCL  {Fig.  2.  FL  LVI.) 

AB  an  artificial  fountain  to  play  with  either  end  up.  A  and 
B  two  cavities ;  FO,  KB  two  open  pipes,  fixed  to  the  basins  at 
K  and  O.  GHI  and  CDE  two  curve  tubes  open  at  both  ends« 
When-  the  fountain  stands  on  the  end  A,  pour  water  in  at  O. 
Then  -  turning  the  fountain  like  an  hour  glass  upon  the  end  B, 
file  wiater  will  descend  through  the  pipe  CDE,  and  spout  out  at 
£.  The  air  passing  up  the  pipe  OF  to  give  it  liberty.  The  wa- 
ter fidling  down  upon  the  basin  £K,  runs  through  the  pipe 
KB,  into  the  cavity  B.  And  the  fountain  being  turned,  the 
water  will  descend  through  GHI,  and  spout  out  at  I,  as  before. 
And  so  being  turned,  it  will  play  a-fresh  as  often  as  you  will. 

Note,  white  the  jet  E  is  playing,  if  the  end  O  of  the  pipe 
FO  be  stopped  with  the  finger,  the  jet  will  cease  playing;  wnidi 
being  taken  ofi,  it  will  begin  again ;  and  so  may  be  made  to 
play  or  stop  at  pleasure. 

Example  XCII.   {Fig.  3.  Fl  LVI.) 

AF  a  water  barometer,  AD  is  a  small  tube  open  at  both  ends, 
cemented  in  the  neck  of  the  bottle  CE.  Then  the  bottle  being 
a  little  warmed  to  drive  out  some  of  the  air ;  the  end  A  is  im- 
merged  in  water  tinged  wtth  cochineal,  which  goes  into  the 
bottle  as  it  cools.  Then  it  is  set  upright ;  and  the  water  may  be 
made  to  stand  at  any  point .  B,  by  sucking  or  blowing  at  A. 
Ibis  is  a  very  sensible  narometer ;  for  if  it  be  removed  to  any 
hi|^r  place,  a  very  smaU  deareaar  in  the  air's  gravity,  will  make 
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the  waier  rise  sensibly  in  the  tube.  This  may  be  ma^e  use  of 
to  find  the  level  of  places.  But  it  is  subject  to  this  inconTe- 
nleQce,  that  it  is  a  thermometer  as  well  m  a  barometer,  the 
least  alteration  of  heat  raising  ihe  water  in  the  tube*  To  pre- 
vent which,  it  must  be  enclosed  in  a  vessel  of  sand;  and  thee 
the  air  included  in  the  bottle,  will  retain  the  »ame  degree  of 
heatj  at  least  for  a  small  time. 

Example  CXIT,  (Fig.  1.  FL  LVIL) 

ADOF  is  u  jet  fTean,  AB  the  reservoir  where  the  ^ater  is 
kept.  CDIO  the  pipe  of  conduct,  which  <;onyeys  water  from 
the  reservoir.  O  the  cocIe^  or  adjutage^  beiug  a  small  hole  in 
a  thin  hori^onttil  plate,  fixed  upon  the  end  of  the  pipe,  througb 
which  the  water  flowii.  OF  the  jet  of  water^  spouting  up  through 
the  hole  O,  which  descends  again  in  the  streams  FE  and  FH. 
OF  the  height  of  the  jet.  AG  tbe^  horizontal  height  of  the  wa- 
ter in  the  reservoir.  If  the  part  LIO  of  the  pipe  of  conduct  be 
buried  under  the  surface  of  ihe  water  KH»  and  be  invisible, 
the  jet  will  seem  to  rise  out  of  the  water  KH,  as  in  many  artifi- 
cial fountains. 

The  adjutage  is  sometimes  made  conical,  but  the  best  sort  for 
spouting  highest,  is  a  thm  plate  with  a  hole  in  it.  The  bore  of 
the  adjutage  ought  to  increase  with  the  height  of  the  reservoir, 
and  the  larger  the  adjutage^  the  higher  the  jet  will  go,  provided 
the  pipe  of  conduct  be  large  enough  to  supply  it  with  water# 
Pipes  of  conduct  ought  not  to  be  made  with  elbows,  but  to  turn' 
off  gradually  in  a  curve  as  DIO  The  diamet^s  of  pipes  of  con- 
duct ought  at  least  to  be  5  or  6  times  tlie  diameters  of  the  adjii-^ 
tage,  or  else  it  will  not  spout  so  high.  If  a  reservoir  be  50  feet 
high,  and  the  adjutage  half  an  inch^  the  pipe  of  conduct 
should,  at  least,  be  3  inches  ;  or  if  the  adjutage  be  an  inch, 
which  is  better,  the  pipe  of  conduct  must  be  6  inches.  And  in 
these  cases  the  jet  will  rise  to  the  greatest  height  it  can  have.  In 
general  the  diameter  of  the  adjutage  ought  to  be  nearly  as  the 
square  root  of  the  height  of  the  reservoir.  And  if  you  would' 
have  the  velocity  in  the  pipe  of  conduct  to  be  the  same  at  all 
heights  of  the  reservoir,  tliat  the  friction  may  not  increase  too 
much ;  then  the  square  of  the  diameter  of  the  pipe  of  conduct 
must  be  as  the  cube  of  the  diameter  of  the  adjutage.  When 
water  is  carried  a  great  way  through  pipes,  the  friction  of  tht 
pipes  will  diminish  its  velocity,  and  the  jet  will  not  rise  so  higli« 

A  jet  never  rises  to  the  full  height  of  the  reservoir-  If  the 
height  be  5  feet  l  inch,  the  jet  will  only  rise  to  5  feet ;  thus 
the  jet  OF  want^  the  space  FG  of  the  height  of  the  reservoir* 
And  the  defect  FG  is  ^s  the  square  of  the  height  of  the  reservoir 
0G«   But  smaller  jets  Ml  short  more  than  in  that  proportioo,' 
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faing  mon  tetaided  br  the  ictistiiiee  of  the  air.  The  greatest  jett 
MfMr  vise  800  feet  high;  for  tlie  Telocity  is  so  great,  that  the 
witsrii  diisipaled  into  amall  drops,  by  the  resistance  of  the  air. 
If  a'btfl  of  cork  or  light  wood  be  laid  at  it  will  be  suspended 
by  the  piUfeff  of  water,  and  play  there  without  fidling. 

Example  XCIV.  {Fig.  3.  PI.  LVII.) 

AGE  is  ft  anHpatmd  steefyard,  for  weiehing  vast  weights.  IG, 
CK  two  leyers  moveable  about  B  and  £.  LE,  MB  two  fixed 
pieon,  Ad  a  cross  bar  supporting  the  end  C,  and  moveable 
about  tb^  pins  A  and  C.  The  centre  of  gravity  of  IG  and  AC  is 
in  B;  and  of  CR  and  the  book  DN,  in  E.  U  the  weight  to  be 
Nveic^ied;  F  the  counterpoise  moveable  along  the  graduated 
lever  BG.  The  madiine  is  hung  upon  the  nooks  at  L,  M. 
Here  the  power  F  is  to  the  weight  H,  as  ABxDE  to  CExBF. 

Example  XCV.  {Fig.  3.  PL  LVUI.) 

ABC  is  a  hone  miU  to  grind  corn ;  C  the  spur  wheel  having 
73  lion ;  B  the  lanthem  of  7  rounds ;  A  tne  hoppery  £  the 
thoe;  Vy  G  the  two  mUUstones.  H  a  lever  or  arm  8  feet  lonsr, 
g(»ng  into  the  -axis  D  of  the  great  wheel ;  I  the  traces  to  whidi 
itae  or  two  horses  are  yoked.  As  the  horses  goes  about  in  the 
padi  1  3  3,  be  draws  the  arm  H,  which  turns  the  great  wheel  C, 
and  diis  drives  the  trundle  B  with  the  upper  stone  which 
grinds  the  com ;  the  com  is  put  into  the  hopper  A,  and  fidling 
into  &e  shoe  E,  rans  through  a  hole  at  top  of  the  stone  F,  and 
in  between  the  stones  where  it  is  groimd.  KL  is  the  upper  flooc 
"the  whole  is  widiin  a  liouse. 

Example  XCVI.  {Fig.  2.  PL  LIX.) 

AB  a  lifting  stocky  set  perpendicular ;  its  use  is  to  raise  a  great 
weight.  IX>  is  a  slit  going  through  it,  in  which  there  moves  ' 
tbe  lever  CD.  II,  KK  two  sets  of  holes;  into  which  go 
the  pins  G,  H.  When  the  weight  W  is  to  be  raised,  it  is  hung 
on  the  hook  and  chain  at  the  end  D  of  the  lever.  And  the  pin 
G  being  put  into  the  first  hole  I,  and  the  end  C  being  put 
down,  the  other  end  with  the  weight  is  raised,  and  then  the 
pin  H  is  put  into  the  second  hole  K,  under  the  lever ;  then  the 
end  C  bemg  raised  to  £,  the  pin  G  is  put  into  the  second  hole  I. 
Tben  E  beine  put  down  to  C,  and  tne  end  F  raised,  the  pin  H 
is  pt^  into  ue  third  hole  K.  Thus  the  lever  and  pins  oeing 
thns  shifted  from  hole  to  hole,  the  weight  W  is  by  degrees 
raised  up. 

Example  XCVn.  (P%.  1.  P/.  LX.) 
A  bob  gin,  for  raisiag  water.   AB  a  large  water-wheel  carried 
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by  the  water  W.  C  and  D  two  cranka,  upon  the  axis,  on  each 
Side  the  wheel,  lying  contrary  ways,  EF,  GH,  two  pieces  of 
limber  moving  about  on  the  cranks  C  and  D,  and  also  moveable 
at  the  joints  F,  H,  upon  two  pins,  FIj  HK  two  beams^  moving 
on  Ihe  axes  L  and  M.  I,  K  two  arches  with  chains  fixed  to  ifaem^ 
by  means  of  which  the  pumps  O,  N  are  wrought-  When  tlve 
water*wheel  goes  about,  one  crank  as  C  pull^  down  the  bar  EF, 
together  witli  the  end  F  of  the  beam  FIj  and  at  the  same  time 
taises  the  end  1,  which  draws  the  water  up  in  d^e  pump  O,  In 
tte  mean  time  the  other  crank  D  is  raising  the  end  H,  and  de- 
pressing the  end  K.  When,  by  motion  of  llie  wheel,  the  crank 
C  begins  to  ascend,  the  end  I  begins  to  descend^  and  the  end  K 
to  asctend.  So  that  one  beam  goes  up  whilst  the  othe^r  goei 
down,  and  there  is  always  one  pump  working. 

Example  XCVIIL  t.  PA  LXL) 

A  gunp&wder-miif.  AP  the  water  wheel ;  B  its  axis,  HPS 
the  water-coorse.  E  a  spur-wheel  carrying  the  two  drums  C, 
and  tlie  rollers  CF,  DH,  to  which  they  are  trxed,  c,  a,  10 
or  12  pins,  or  cogs,  fixed  in  either  roller,  equally  on  all  sides* 
6,  6,  Ice.  10  or  12  pestles,  10  feet  long,  and  4  or  5  inches  broad, 
armed  with  iron  at  the  bottom  ;  in  these  pestles  are  pins  fixed 
to  answer  the  pins  a,  a ;  which  Uft  them  up  as  the  rollers  turn 
round,  m,  m,  &c.  are  wooden  mortars,  into  which  tJie  pestks 
fell ;  each  mortar  will  hold  about  20  Ih.  of  paste,  OQ,  IK,  LN 
are  timbers  through  which  the  pestles  work,  and  sene  to  keep 
them  directs 

The  materials  bemg  put  into  the  mortars  m ;  as  the  mill 
goes  about,  the  pins  in  the  rollers  take  up  the  pestles  b  by  their 
pins^  and  when  tliese  pins  go  off,  the  pestles  lall  ioto  the  mortars 
Mf  Jtit  and  beat  the  ingredients  to  a  paste.  And  aa  these  cogs 
are  placed  on  all  sides  the  circumference  of  the  roller^^  there 
will  be  always  some  pestles  rising,  and  others  falling,  in'a  regular 
order* 

Example  XCIX.  {Fig.  i.  PL  LSIL) 

A  crmie  or  engine  to  raise  a  great  weight,  and  keep  it  tn  an 
position.  AB  a  double  wheel  for  a  man  to  walk  in;  CD  a  spurs? 
wheel  upon  the  same  axis.  E,  F,  G  are  three  wheels  also  fix^ 
upon  one  axis,  of  which  G  is  of  wood,  and  E  is  moved  by  CD  J 
HI  is  a  citeh,  moving  on  the  pin  I ;  this  falls  in  between  th 
taeth  of  the  wheel  F,  KLAl  a  half  ring  of  iron,  in  which  is 
groove,  going  upon  the  edge  of  the  wooden  wheel  G.  NM 
piece  of  timber  fixed  to  tlie  ring  at  M,  and  to  the  lever  PN,  a 
19  tnoveabk  about  the  pins  M,  N.  The  lever  PN  is  moveable 
^bout  tlie  centre  Q.    Qil  a  wooden  rod,  reaching  to  tlie  catch 
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IH.  PST  a  string  fixed  to  the  leTer  at  P.  VXW  the  rope  going 
ibout  the  nil  of  the  great  wheel  to  raise  the  weight. 

When  the  great  wheel  AB  goes  round,  together  with  CD,  the 
npe  VXW  raises  the  weight  W.  The  wheel  CD  drives  £,  to- 
gether with  F  and  G ;  and  the  end  of  the  catch  III  slides  freely 
ever  tibe  teedi  of  the  wheel  F ;  and  the  motion  being  stopped. 
Ae  catd)  IH  acting  against  the  teeth  of  F,  hinders  the  wheel  F 
ton  turning  beck,  and  so  keeps  the  weight  W  suspended.  But 
if  yoQ  poll  at  the  string  T,  it  raises  the  lever  PO,  and  thrusting 
the  rod  QR  against  the  catdi,  raises  it  out  of  the  teeth  of  the  wheS 

and  lets  the  weight  W  descend.  But  lest  it  descend  too  fest, 
lie  lever  PO  is  to  be  raised  higher,  by  pulling  at  the  string  TS, 
tad  this  depresses  the  end  ON  of  the  lever,  and  draws  down 
the  piece  NM,  together  with  the  ring  KLM,  which  ring  being 
drawn  dose  against  the  wheel  G,  stops  the  motion,  or  regulates  it 
alplMunre. 

Example  C.  {Fig,  1.  PL  LXIU.) 

A»  engme  for  drawing  water,  A  the  cog-wheel,  ten  feet  dia- 
aeter;  fi  its  axis,  running  in  the  frame  FFFF,  and  on  the  foot 
Z.  C  a  trundle,  three  feet  diameter.  K  its  axis,  fifteen  or  twenty 
feet  long,  running  in  the  stocks  G,  G.  D,  D  two  cranks  of  iron 
OH  opposite  sides  of  the  axis,  and  two  feet  long.  OP,  QR  two 
beams  moving  upon  an  axis  in  the  frame  SSSS.  PD,  RD  two 
rods  of  wood  or  iron,  reaching  from  the  beams  to  the  cranks, 
noveable  about  R  and  P ;  and  turning  round  on  the  cranks  D,  D. 
I,  I  two  rods  of  iron,  fixed  to  two  chains  that  go  over  the  ardies 
0,  Q ;  and  to  two  pistons  that  work  in  the  pumps  x,y,  £  the  tiller 
to  which  the  horses  are  yoked  ;  1  2  3  4  the  path  in  which  the 
horses  go  round.  H,  H,  tne  surface  of  the  earth.  Tlie  wheel  A, 
and  trundle  C  are  in  a  pit ;  the  axis  K  under  ground ;  and  the 
ennks  D,  D,  are  in  a  pit. 

When  the  horses,  walking  in  the  ring  1  2  3  4,  draw  about  the 
cog-wheel,  by  the  tiller  E ;  this  turns  the  trundle  C,  with  the 
oaiiks  D,  D ;  and  the  rod  PD  being  drawn  down,  pulls  down 
the  end  of  the  beam  P ;  and  raises  the  other  end  O,  with  the  rod 
Ir ;  and  draws  the  water  out  of  the  pump  x.  In  the  meantime, 
dM  other  crank  raises  the  rod  DR,  with  the  end  R  of  the  beam ; 
and  the  other  end  Q,  with  the  rod  I  descends,  and  the  piston  goes 
down  into  the  pump  ^.  But  as  the  wheel  A  goes  about,  the  Tod 
KD  is  pulled  down,  and  QI  rises  up,  and  draws  water  out  of  the 
pnn^p  ^9  whilst  OI  and  the  piston  descends  into  the  pump  x. 
Tbm,  whilst  one  piston  goes  up,  the  other  goes  down,  and  there 
is  always  one  pump  discharging  water. 

Instead  of  two  cranks,  one  may  have  three  or  four  cranks,  at 
equal  distances  round  the  axis,  and  these  will  move  three  or  four 
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beams  QH,  anJ  work  three  or  four  punops.  But  beair^  of  timber 
^ould  be  put  between  every  two  working  beams,  OP,  QRj  for 
the  axtes  to  tun  in. 

Example  CL  {Fig.  1.  FL  LKIV.) 

A  EL  a  twhiing  in  ill  to  wiake  thread  or  worsted.  B  a  cog-wheel 
3  feet  diameter,  of  33  or  34  teeth.  C  the  drum  of  4j  6,  or  8 
rounds  J  going  on  ihe  square  end  of  the  axis  of  the  cog-wheel . 
D  a  spur-wheel,  2  feet  diameterj  snd  30  or  32  teeth ;  tliia  is  fixed 
to  the  reel  E.  The  reel  consists  of  4  long  pieces  of  wood,  6  or  7 
feet  longj  3  of  which  are  fixed  in  the  cog-wheel  and  are  also 
fixed  to  one  another  by  cross  bars  goings  through  the  axis  of  the 
reel ;  Ihe  fourth  long  piece  of  wood,  which  composes  the  reei,  ib 
not  fixed  in  the  cog-wheel,  but  may  be  set  nearer  or  further  from 
ihe  axisj  by  help  of  the  pins  1,  Fa  drum  of  12  rourids, 

carried  by  tKe  cog-wheel  B  ;  the&e  rounds  are  fixed  into  the  barrel 
G,  of  1  foot  and  6  or  8  inches  diameter,  MNOP  a  fixed  frame  6 
or  7  feet  long,  and  4  feet  broad.  22,  22,  he  are  whorles,  carried 
round  by  the  leathern  belt  IKLIH.  These  whorles  run  in  iron 
soekeis  at  the  bottom  cf  the  frame^  and  are  kept  in  their  places  by 
the  s necks  3,  3,  fixed  to  the  upper  side  of  the  bottom  part  of  the 
frame ;  upon  the  spindles  of  the^e  whorles  are  put  tlie  bobbings, 
with  the  thread  or  worsted.  The  spindle  and  whorle  is  repre- 
Bftnted  at  the  bobbing  at  fr,  the  bobbing  with  tlie  worsted  od  it 
at  c.  The  length  of  the  whorl e  and  spindle  is  10  or  11  inches, 
length  of  the  bobbing  6  or  7  inches ;  diameter  of  the  whorle  where 
the  belt  runs  about  an  inch;  diameter  of  the  bobbing  at  top  1^ 
inch,  at  the  smallest  part  f  of  an  inch ;  these  are  for  worsted. 
The  whorles  may  be  taken  out  of  the  snecks  at  pleasure,  and  they 
are  kept  in  these  snecks  by  a  fsatlier  put  actos!^  the  i>lit  through 
two  holes.  The  bobbin gs  they  use  for  thread  are  represented  at 
d;  f  IS  a  piece  of  lead  which  goes  upon  the  top  of  the  spindle  to 
keep  down  the  bobbing ;  /,  g  are  two  wires  fixed  in  it,  for  the 
thread  to  run  through,  fVom  ihe  bobbing  to  the  reel,  ilie  diameter 
of  the  whorle  about  half  an  inch.  The  number  of  snecks,  spin- 
dles, and  bobbings  on  one  aide  of  the  engine  is  20  or  34,  that  is 
40  or  60  in  all,  4,  4,  &c*  are  wires  iu  the  upper  part  of  the 
frame,  for  the  thread  to  run  through  from  the  bobbings ;  the  num- 
ber of  wipes  are  equal  to  the  number  of  spindles.  Also,  in  the 
horizontal  beam  QR  are  the  same  number  of  wires,  5»  5,  5,  &c.  to 
direct  the  thread  to  the  reel,  n,  n  are  rollers  for  tiie  edge  of  the 
belt  to  move  over.  6^  6  are  two  hanks  upon  the  teeL  When  the 
belt  grows  alack  by  stretching,  the  frame  MN  is  drove  back,  by 
means  of  a  wedge  S,  and  so  kept  at  a  greater  distance  from  the 
roller  G, 

The  trundle  C  may  be  taken  off,  and  others  of  more  or  fewer 
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niBB;i  pot  on,  at  occasion  requires,  hj  lifting  the  end  of  the 
ndf  of  tibe  ked;  oat  of  its  socket;  and  the  finer  the  thread,  the 
fewer  nmgs  it  must  have.  The  circumference  of  the  reel  D£  for 
wonted  is  4  feet,  4  inches ;  for  thread  is  5  feet,  5  inches. 

When  the  thread  or  worsted  is  wound  upon  the  bobbings,  by 
tfie4irip  of  a  whed,  they  are  put  upon  the  spindles,  as  c,  and 
tlie&  put  within  the  Mi  IKL  under  the  sneclcs  2,  2 ;  then  the 
habdle  A  lieing  turned^  carries  the  cog-wheel  B  about,  which 
drivea  the  dmm  F,  and  the  barrel  G ;  the  barrel  G  moves  the 
in  direction  IKL  about  the  frame  MN,  which  resting  on  the 
iriioilef  %  2,  moves  them,  and  the  whorles  and  bobbings,  very 
•wifily  about.  In  the  mean  time,  the  drum  C  is  turned  round  by 
tiie  axis  of  the  cog-whed  B,  and  C  carries  about  the  spur-wheel 
D  and  the  red,  with  a  slow  motion.  So  the  threads  bein^^  put 
fluongh  the  wires  4,  5,  and  fixed  to  the  reel,  these  threads  will  be 
wrapped  about  the  reel,  and  make  the  hanks  6,  6,  as  many  as  there 
are  Mbbings.  When  the  hanks  are  of  sufficient  bigness,  they 
nrast  be  taken  off  the  reel,  which  is  done  by  pulling  out  the  pins 
1, 1,  and  then  one  side  of  the  reel  will  fiill  in,  and  the  hanks 
sbd^ed,  and  may  be  taken  off  one  after  another,  by  lifting  the  end 

V  of  Hub  axis  out  of  its  socket 

Hie  double  yam,  &c.  is  to  be  wound  tapering  on  the  bobbings, 
as  at  .making  it  broadest  at  the  low  ena^  otherwise  it  will  not 
come  finely  off  the  bobbings,  without  breakmg. 

The  firame  work  consists  oif  perpendicular  beams,  fixed  in  others, 
Wing  horizontal,  as  described  in  the  figure,  the  breadth  from  A  to 

V  being  9  or  10  feet.  The  lower  part  of  the  frame  MN  consists 
of  two  dliptical  pieces,  cut  out  of  boards,  and  set  at  about  a  hand's 
breadth  distance  one  above  the  other,  with  pieces  of  wood  he^ 
tween.  In  the  lower  (which  is  broader  than  the  other)  are  the 
sodLets,  in  which  the  bottom  part  of  the  spindle  of  the  whorles 
move :  in  the  upper,  the  snecks  are  fixed.  The  part  OP,  in  which 
are  the  wires,  is  an  elliptical  piece  like  the  under  ones,  and  fixed 
thereto  by  4  perpendicular  pieces  or  pillars  of  wood.  All  the  rest 
will  be  plain  firom  the  figure. 

Example  CII.  {Fig.  1.  PL  LXVn.) 

AEKF  is  a  clock.  The  different  forms  and  constructions  of 
docks  are  almost  as  various  as  the  faces  of  those  that  make  ihem. 
The  following  is  a  Common  8  days'  clock.  KJP  is  the  moving 
part ;  A£  the  striking  part.  ■ 

The  work  contained  between  2  brass  plates  is  as  follows:  F 
ihejir$t  or  ^eat  wheel  of  96  teeth;  G  the  second  wheel  of  60 
teefh,  its  pinion  g  of  8  leaves ;  H  the  third  wheel  of  56  teeth,  its 
pinion  A  of  8  leaves ;  I  the  balance  wheel  of  30  teeth,  its  pinion  t 
of  7  leaves ;  and  K  the  balance.   Likewise,  A  the  great  ioheeH  of 
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78  t^h  ;  B  the  pin  m^ml  of  48  teeth,  h  its  pinion  of  8  leaves  \  C 
the  fmtp  w/ied  of  48  teeth,  c  lis  piDion  of  6  leaves ;  D  the  wttrmng 
mheei  of  48  teeth,  and  c  its  pinion  d  6  leaves ;  E  the  Jfy^  c  its 
pinion  of  6  leaves. 

The  ends  R,  R,  of  the  arbors  of  tlje  wheels  A,  F  come  throngli 
the  face  of  the  clock,  and  these  strbors  are  tiiied  in  the  burreh  P, 
P,  of  6  or  7  ioches  circumference  ;  and  on  these  barrels  the  therm 
if  rings  are  wound,  which  go  round  two  pullks  with  the  weights, 
that  carry  the  wheels  about.  These  two  barrels  are  tnoveabk 
lound  ahotit  witliin  die  wheels,  but  are  kept  from  turning  back,  by 
the  caich  S  and  iti^  springs  and  *he  ntckat  wheek  Q  fixed  to  the 
barreL  The  weights  are  wound  up  by  help  of  the  winch  or  han* 
die  11,  In  the  rim  of  die  wheel  B  are  8  pins ^  which ^  as  ihe 
wheel  goes  round,  thrust  back  llie  end  5  of  the  hammer  O,  and 
when  it  goes  oif  the  pin^  the  »prmf^  7  makes  the  hammer  Q  strike 
against  the  beil  N- 

Tlie  wheei  C  has  a  hoop  npon  its  rim,  which  is  cut  away  in  one 
place,  tQ  let  die  end  2  of  the  detcfii  fall  in.  In  the  rim  of  the 
wheel  D,  there  is  a  pin  which  stops  agi^itisi  the  end  x  of  die  ana 
wj:j  and  hinders  the  wheels  turning  about,  • 

On  the  Eixis  0^  are  fixed  the  two  pieces  %%  and  the  detent  1  2* 
On  die  axis  (jr  is  fixed  two  pitccjt  wjc  and  the  iifti:r  3 ;  and  on 
the  end  r  of  that  axis,  which  comes  through  the  fore  plate,  is  put 
the  lifter  10,  {Fig.  1,  FL  LXVI.)  and  pinned  fast  on. 

The  arlfor  of  the  wheel  G  comes  through  the  Jhce  ;  upon  thi« 
aibor,  between  ihe  face  and Jhrc  plate^  is  put  the  wheel  s  {Fig.  I, 
FL  LXVL)  of  20  leeth,  its  arbor  being  noUow,  and  under  the 
wheel  is  put  the  hrass  spring  i,  with  the  concave  side  upward, 
this  spring  having  a  square  hole  in  it^  to  fit  the  shoulder  of  the 
arbor  of  G,  {Fig.  1 .  PL  LXVf  I.)  The  wheel  Z  {Fig,  1,  FL  LXVI,) 
of  40  teeth  turns  upon  a  fixed  pin  or  axis,  and  b  driven  by  the 
wheel  The  dial  wheel  /  of  46  teeth,  is  put  with  its  hollow 
socket  upon  the  arhor  or  socktt  of  z ;  then  the  face  being  put  on, 
their  ends  comes  through  it,  and  the  ftottr  htmd  k  is  put  upon  the 
square  end  of  /,  and  the  miuute  pointer  W,  {Fig.  1.  PL  LXVU,) 
iipon  the  end  z,  {Fig.  I .  PL  LXVI.)  the  wheel  z  being  thrutt 
down  to  bend  the  spring,  and  then  a  pin  put  in  to  keep  it  there  ; 
the  pinion  of  Z,  called  the  pinion  of  report^  has  B  teeth,  and  drives 
the  wheel  and  the  hour  hand.  Now,  the  spnng  /  keeps  the 
wheel  %  pretty  tight  upon  the  axis  of  G,  so  that  G  will  carry  it 
about  along  with  it.  And  if  tiie  minute  pointer  be  thrust  about, 
it  will  force  about  the  wheel  ^s^and  also  Z,aud  likewise/ widi  Uie 
hour  pointer. 

The  arhor  of  the  wheel  A  1.  PL  LXVI  I.)  goes  through 
the  hack  ploie ;  npon  it,  behind  the  plate,  ts  put  the  wheel  V 
(F%.  1,  PL  LXVL)  or  pinitm  of  r^t,  of  28  teedi,  and  pinned 
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dim.  'The  double  wbeet  XY  is  carried  by  V,  and  turns  upon  a 
fim  faed  on  the  back  of  die  plate.  The  wheel  X  has  also  28 
IWth,  and  ttM  count  wheel  Y  is  divided  into  11  parts  of  nneqiial 
kwgths,  according  to  the  strokes  the  clock  is  to  strike  at  every 
ham;  part  of  this  wheel  is  represented  at  (Fig.  1.  PI,  LXVII.) 
A  ilmer  spring  is  put  on  with  this  wheel  to  keep  it  tight.  This 
pait  may  be  made  more  simple,  by  leaving  out  the  wheels  X, 
SMmI  putting  Y  upon  the  axis  of  A  instead  of  V ;  but  it  must  be 
pat  OD  the  contrary  way. 

The  arbor  of  the  balance  wheel  I  (Fig,  1.  PI  LXVII.)  cornea 
tluDag^  the  fore  plate,  almost  to  the  face ;  and  through  a  hole  in 
the  Ahoe  is  put  the  hollow  socket  of  the  teeand  pointer  12 ;  and 
this  shows  the  seconds  by  a  small  circle  divided  into  60  parts. 
And  tlie  fiice  is  also  divided  into  two  circles>  showing  hours  aMd 
mkrates. 

The  pendulum  hangs  on  the  fixed  piece  of  brass  M,  by  a  but- 
ton at  top,  and  a  thin  piece  of  brass  goine  into  a  slit  at  M,  and 
a  flat  piece  of  brass  goes  into  the  fork  L,  so  that  if  the  pen- 
dulum moves,  it  must  move  the  rod  KI^  and  balance  K  along 
with  it. 

Tbejmlkis  6,  9  of  the  balance  K,  are  so  formed,  that  the  under 
aide  cf  8,  and  upper  side  of  9,  where  the  teeth  of  the  wheel  I 
att,  are  polished  planes,  and  made  sloping,  so  that  a  tooth  slid- 
ing along  the  under  side  of  the  pallat  8,  will  force  the  balance  K 
in  the  left  hand ;  and  a  tooth  shding  along  the  upper  side  of  the 
paUat  9y  will  force  it  to  the  riffht 
.  Hie  work  is  put  together,  by  setting  the  teeth  together  that  are 
marked  in  the  wheel  B  and  in  the  pinion  c,  and  likewise  in  the 
whed'C  and  pinion  d.  Then  the  minute  pointer  is  put  on  the 
aiiior  of  z,  mark  to  mark ;  and  the  hour  pointer  the  same  way  oi^ 
the  arbor  of  /.  And  the  wheels  z,Z,/  are  set  to  one  another, 
according  to  their  marks. 

The  weights  hanging  upon  the  wheels  A,  F,  and  the  pendulum 
made  to  vibrate,  the  wheel  F  drives  G,  which  drives  H,  which 
drives  I ;  then,  whilst  the  pendulum  vibrates  to  the  right,  a  tooth 
slips  off  the  pallat  9,  and  in  its  return  to  the  left,  a  tooth  sHps  off 
the  pallat  8,  then  on  the  right  another  goes  off  9,  and  do  on  alter- 
nately;  and  the  weight  causing  the  teedi  to  act  against  the  pallats 
of  the  balance,  keeps  the  pendulum  in  motion ;  and  the  wheel  I 
goes  round  in  a  minute. 

As  the  wheel  G  goes  round,  it  carries  about  jr,  with  the  minute 
pointer  once  round  in  an  hour;  z  drives  Z,  which  drives f  once 
round  in  12  hours.  Whilst  the  wheel  z  goes  round,  the  pin  m 
raises  the  lifter  10,  which  lifts  up  the  piece  3,  and  the  arm  wx; 
the  piece  3  raises  die  detent  1  2,  together  with  va;  the  end  2 
the  detent  being  raised  above     hoopi  the  wheel  C  moves  about, 
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aiul  by  the  oblique  figtii e  the  end  of  the  detent  2,  it  raises  the  end 
of  tbe  detent  higher,  and  also  raises  s  out  of  the  notch  of  the 
CDuol  wheeL  ften  the  wheel  D  turns  round,  till  the  pin  in  the 
rim  stops  at  the  end  d-,  which  hinders  the  motion.  But  as  the 
wheel  z  goes  further  about,  the  lifter  10  falls  down  off  the  pin, 
together  with  the  piece  and  latch  3,  which  suffers  ihe  wheel 
J}  and  the  rest  to  turn  round  j  and  the  pin-wheeJ  causes  the  ham- 
mer to  strike  m  often,  till  the  end  s  falls  into  a  notch  of  the  count 
wheelj  and  then  the  detent  2  fails  into  the  vacancy  in  tJie  hoop, 
and  locks  tlie  work ;  which  conUnues  so  till  the  next  hour,  thai 
the  piece  1 0  is  raised  again,  and  then  she  strikes  as  before  ;  the 
wheel  C  goes  round  erery  stroke  of  the  clock  ;  but  she  strikes  I 
more  e¥ery  succeeding  hour,  because  the  teeth  between  the  notches 
are  made  longer  and  longer  in  the  count  wheel ;  and  it  turns 
round  once  in  12  hours. 

General  rtdes  m  all  docks. 

In  the  striking  part,  the  pin  wheel  beitig  divided  by  the  jjitjion 
of  the  hoop  wheel,  the  quotient  shews  the  number  of  pins  in  the 
pin  wheeh 

If  78  be  divided  by  the  number  of  pins,  the  quotient  shews  the 
revolutions  that  the  pin  wheel  makes  for  one  revolution  of  the 
count  wbeeh 

The  hoop  wheel^  divided  by  the  pinion  of  the  warning  wheels 
must  be  a  whole  number. 

In  the  moving  part,  the  train  is  the  number  of  beats  the  clock 
makes  in  an  hour ;  which  is  3600,  if  she  beats  seconds  r  in  this 
case,  the  balance  wheel  must  have  30  teeth. 

If  G  turns  round  once  in  an  hour  and  shews  minutes,  then 
the  quotient  of  G  divided  by  the  pinion  of  H,  multiplied  by  the 
quotient  of  H  divided  by  the  pinion  of  I,  and  that  multiplied  by 
twice  the  teeth  in  1,  must  be  equal  to  the  train*  And  if  she  beats 
seconds,  then  the  product  of  the  two  quotients  must  be  60* 

If,  also,  G  shows  the  hontSj  then  the  quotient  oij  divided  by 
the  pinion  of  Z,  multiplied  by  the  quotient  of  Z  divided  by  ar, 
must  be  12- 

From  the  great  wheel  to  the  balance,  the  wheels  drive  the 
pinions ;  but  to  the  dial  wheel,  the  pinions  drive  the  wheels ;  the 
former  quickens,  the  latter  lessens  the  motion. 

Any  wheel  being  divided  hy  the  pinion  that  works  in  it,  shows 
how  many  turns  that  pinion  bath  to  one  turn  of  the  wheel.  As  if 
the  pinion  be  5  and  the  wheel  6 it  is  set  down  thus. 


5)  60  f  13  times.   Or  thus  _ 
5  ~ 


12  limes. 
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Hm  JlMdi  of  lerend  wheels  and  pinioDS,  that  woric  in  one  ano- 
ther, am  9«t  down  thus, 

4)  36  (9  times 
8)80  (10  times 
6)  54  (9  times 
5)  40  (8  times 

Ortbn.  J?_x  -^-X  -i^. 
4  8  6  5 

la  the  former  way,  the  number  on  the  left  band  of  any  wheel 
is  the  pinion  that  it  drives ;  and  the  nrnqber  over  it  is  the  pinion 
on  the  same  axis.  In  the  latter  way  the  several  fractional  quan- 
tities represent  the  quotient. 

-  Any  wheel  and  the  pinion  it  drives,  will  have  the  same  motion 
with  another  wheel  and  pinion,  when  their  quotients  are  equal. 
Xtins^  a  wheel  of  36  drives  a  pinion  of  4,  all  the  same  as  a 
whi^l.  of  4j».  does  a  pinion  of  5 ;  or  a  wheel  of  90  a  pinion 
of  10.  . 

la  any  pkotion  you  may  use  one  wheel  and  one  pinion,  or  else 
serml-. wheels  and  several  pinions,  provided  ihejf  all  give  the 
sam^  n^otion^  Therefore,  when  a  number  is  too  big  to  be.cut  in 
QDCt  wheel,  you  may.divide  it  into  two  or  more  quotients. 

Iji  a  wheel  and  pinion  that  work  in  one  another,  their  diameters 
puist  bq.as  the  number  of  teeth  in  each.  .And  the  diameter  must 
be  measured^  .not  to  the  extremity,  but  to  the  middle  of  the  tooth, 
or  where  they  act. 

.  The  cfxcellency  of  clock-work  consists  in  forming  the  teeth 
truly,  and  to  fit  the  notches  exacdy  without  shaking,  and  to  plar 
freely ;  the  teeth  must  be  cut  into  the  form  of  cycloids,  wtuch 
lesembles  the  shape  of  a  bay  leaf. 

A  clock  goes  exactei  as  the  pendulum  is  longer,  and  the  bob 
pififtty  heavy,  and  to  make  but  small  vibrations ;  and  for  more 
exactness,  to  play,  between  two  cycloidal  cheeks ;  and  the  lonser 
the  arms  K8,  K9,  the  .  easier  the  clock  goes.  The  length  of  a 
second  pendulum  is  39i%  inches,.  See  the  theory  of  pendulums 
inProp.  XL.,  XLI.,.LVm, 

The  pallats  8,;9^  are  here  form^  after  the  common  way: 
bat .  there  is  anothc^r  way  of  forming  thenu  From  the  centre 
o£  motion  e,  XFig.i.  PL  LXVII.)  describe  two  small  ardies  afi, 
and  :8c.  These  small  i  lines  or  planes  a/3y  and  Sc,  and  also  the 
working  side  .of  the  tooth  A/t^  must  all  range  to  k  the  centre  of 
die:  balance  wheel.  And  the  ends  of  the  pallats  ay,  and  Si},  must 
rangeja  tittle  to  the  right  hand  of  the  centre  B,  Then  the  teeth  of 
the  balance  wheel  will  ftdl  alternately  on  the  sides      apd  ^ 


no 
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And  any  tooth,  whilst  it  acts  against  or  Se,  will  have  no 
effect  ID  moving  tlie  pendulum ;  but  lies  de&d^  till  it  makes  its 
escaije  off  (he  aaglc  u  ot  d;  and  tben  in  moving  along  the  plane 
a7j  or  Sij,  it  forces  the  pendulum  to  the  right  or  left. 

But  the  coDstruction  will  be  better  thus ;  take  each 
equal  to  I  oS.  From  the  centre  r  describe  the  arches  S« ; 
and  let  the  end  ay,  Si?,  range  to  ^.  Or,  perhaps,  it  may  answer 
the  end  as  well,  to  describe  ojS,  and  Se^  from  the  centre  ff; 
and  let  the  acting  side  of  ihe  tooth  range  (not  to  but)  to  v  the 
outside  of  tlie  circle  deacribed  with  the  radius  irvi^  i  npt. 

The  inconvenience  of  any  of  these  constructions,  is,  that  th^ 
pallats  are  too  thick,  and  ean  hardly  find  room  to  fell  in  between 
the  teeth  of  llie  balance  wheel. 

Example  CIII,    {Fig.  1.  PL  LXVIIL) 

ABC  is  a  cuf:t'tng  engine  to  cut  the  teeth  of  clock  wheels.  AC 
an  iron  plate  2 J  feet  long,  and  3  or  4  inches  broad EE 
aoother  plate  fixed  4  or  5  inches  lower,  G  a  MtTj  sliding  along 
a  groove  in  the  end  C  :  this  is  made  of  several  plates  of  iron 
fijted  to  one  anotbcr  with  screws,  and  fitting  closely  to  the  edges 
of  the  pl.itej  and  to  the  sides  of  the  groove,  and  likewise  to  the 
upper  and  under  side  of  tlie  plate ;  this  is  to  cause  it  to  move 
truly  alon^  the  groove  when  forced  forward  or  backward,  by 
the  screw  at  I  and  its  handle;  for  this  screws  through  C,  and 
turns  round  in  a  collar  tn  die  end  G.  The  end  of  this  slider 
turns  up  perpendicular  i  to  this  is  fisced  the  part  F  by  a  pin  Kj 
which  goes  square  into  this  part,  and  tlirougn  a  round  hole  in 
F ;  so  that  the  part  F  can  turn  about  the  screw  pin  attd 
may  be  fixed  by  turning  the  nut  2  with  tlie  key  9,  {Fig,  1.  PL 
LXIX.)  which  nut  screws  upon  the  end  of  the  pin* 

B  is  ft  brass  wheel  of  06  teeth,  carrying  the  pinion  D  of  12 
leaves;  these  move  between  the  cheeks  LI^  MM;  wliich  are 
joined  by  the  cross  bars  N  and  P ;  these  cheeks  and  their  ma- 
chinery turn  round  on  the  axis  LM,  in  the  pan  F.  /*  is  the 
cutting' wheel,  whose  ed^  is  nothing  but  a  file  to  tut  the  teeth, 
as  it  goes  about;  this  goes  upon  the  arbor  of  the  pinion  D* 
There  are  a  great  number  of  these  cutting  wheely,  of  different 
shape  and  bigness,  which  may  be  taken  off  the  arbor,  and  otliers 
put  on  ;  these  parts  are  described  at  t,  f,  d  ;  {Fig.  1,  PL  LX1X«) 
^  the  pinion  on  its  arbor,  6  the  cutting  wheel  going  upon  the  arbor 
which  is  octagonal,  and  fits  it  exactly,  having  the  side^:  marked  that 
ate  put  to  each  other,  c  a  hollow  piece  which  goes  on  the  same 
axis ;  and  the  nut  d  screws  on  the  end  of  tlie  arbor,  to  keep  c 
and  the  wheel  b  fa*t  on.  Hie  ends  of  die  arbor  are  hardened 
steel,  and  pointed  ;  and  thii  arbor  runs  between  the  cheeks 
LM,  througn  which  cheeks  there  goes  2  screws,  with  holes  lo 
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raeem  the  points  of  the  arbor;  and  these  screws  are  set  to  a 
proper  distance,  by  screwing  them  in  or  out  by  help  of  a  key  q, 
going  on  tqaare  upon  the  end,  and  then  the  screws  are  locked 
metey  by  the  nuts  O,  O.  n  {Fig.  1.  PL  LXVIII.)  is  a  spring,  fixed 
with  one  end  to  the  under-side  of  the  cross-bar  N,  and  the  other 
end  f  lying  upon  the  plate  AI,  and  this  spring  raises  the  part 
LLMM,  when  the  notch  is  cut.  to  is  a  screw  pin  going  through  the 
her  P ;  its  end  u  rests  upon  the  plate  AI,  and  hinders  the  wheels 
from  descending  lower,  r,  i,  are  two  screw  pins,  wliich  screw 
through  LM,  by  help  of  the  key  q,  {Fig,  1.  PL  LXIX.)  and  go 
with  iheir  points  into  F,  {Fig.  1.  PL  LKVIII.)  which  has  two 
holes  to  receive  them ;  these  pins  are  locked  to  L,  M,  by  turning 
the  two  nuts,  which  also  screw  upon  the  pins.  These  screw  pins, 
nuts,  and  cheeks,  all  turn  round  together  in  the  holes  in  F. 

H  is  the  dividing  plate^  being  a  brass  circular  plate  15  or  16 
indies  diameter.  Tnis  plate  is  fixed  to  a  hollow  brass  axle 
an  inch  in  diameter ;  and  this  axle  goes  through  the  two  plates 
'  AI^  ££ ;  and  both  the  wheel  and  its  axle  turn  about  together ; 
the  lowerplate  cannot  be  seen,  (but  is  represented  at  R,  J^.  1/ 
PL  LXIX.)  Near  the  edge  of  this  plate,  there  are  24  concentric 
ciides,  each  divided  by  points  into  a  certain  number  of  equal 
parts,  our.  366,  365, 360, 118,  100,  96,  92,  90,  88, 84,80,  78,  76, 
27,  70,  68,  64,  62,  60,  58,  56,  54,  52,  48.  The  use  of  these  is  to 
diride  a  revolution  into  any  number  of  equal  parts,  according  to 
diese  different  circles. 

et  {Fig.  1.  PL  LXIX.)  is  an  arbor  going  through  the  hollow  axle 
QR,  {1%.  1.  PL  LXVIII.)  with  the  shoulder  A  against  the  top  of 
fliat  axis ;  then  the  nut  n  is  screwed  upon  the  end  t,  to  keep  it  fast 
M  is  the  wheel  to  be  cut  into  teeth  ;  there  is  a  hole  maae  in  the 
eentre,  just  to  fit  the  part  ge,  which  being  put  on,  and  the  piece  / 
above  it,  they  are  then  screwed  hard  down  with  the  nut  k  going 
on  flie  end  e.  Then  if  the  wheel  H  be  turned  round,  it  carries 
about  vrith  it  the  wheel  m.  There  are  several  arbors  ei,  for  fitting 
different  wheels  m. 

{Fig.  1.  PL  LXVIII.)  is  a  moveable  index;  it  turns 
about  a  nail,  as  a  centre  in  the  end  ti;,  there  being  a  slit  in  it,  to 
let  the  bottom  of  the  screw  x  pass  through  as  it  moves,  y  is  move- 
able back  and  forward,  and  may  be  fixed  any  way  by  the  two 
screws.  2r  is  a  steel  point,  which  moves  along  the  circumference 
of  any  circle  you  require,  firom  one  point  to  another.  T  is  the  vrinch 
to  turn  the  wheel  B ;  S  is  the  hanale  to  pull  down  the  machineqr 
near  the  plate. 

To  use  this  machine.  An  arbor  ei  proper  for  the  wheel  m, 
which  is  to  be  cut,  being  put  through  ttie  axis  Q,  and  screwed 
fest,  as  it  appears  at  R;  and  then  the  wheel  m  and  the  parts  I 
put  on  above  Q,  and  screwed  halt.  Loosen  the  screw  s;  and, 
moving  the  index  toy  till  the  steel  point  jV  fidl  in  the  circle, 
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containing  the  &aine  number  of  parts,  the  wheel  m  is  to  be  divided 
into,  there  screw  it  fast  with  the  screw  >r.  Then  putting  on  the 
cutting  wheel  /pro]>er  for  the  work,  turn  the  handle  and  screw 
1,  and  drive  the  machinery  with  tiie  wheel  f  towards  till 
the  edge  of  /Ue  just  over  the  edge  of  the  wheel  m  to  be  cut; 
there  fix  it  by  the  handle  V ;  and  turn  tlie  wheel  H  till  s  falls 
into  some  point  of  the  circle ;  then  take  hold  of  the  handle  Sj 
and  pull  it  down,  h\i/  falls  against  the  edge  of  m  ;  then  holding 
it  there  with  one  band,  turn  the  winch  T  with  Uie  other ;  which 
carries  about  B,  and  this  drives  D  with  the  cutter /i  and  this 
motion  cuts  a  notch  in  the  edge  of  and  when  it  is  deep 
enongh,  the  pin  iu  (properly  set)  stops  at  the  plate  AC,  and  hin- 
ders it  from  going  fiuiher.  Then  let  go  S,  and  the  spring  rs 
raises  up  the  wheels,  &c.  This  done^  pull  about  the  wheel  H, 
till  z  Mi  in  the  next  point  of  division ;  then  draw  down  and 
ium  the  maehine  as  beforCj  till  you  have  made  another  cut 
deep  enough.  And  thus  you  must  proceed,  till  i  has  gone  through 
all  the  points  of  division  in  the  circlej  and  dieu  your  wheel  is  cut 
into  its  praper  number  of  teeth. 

When  the  number  of  teeth  wanted  to  be  cut  answers  to  none 
of  the  circles,  take  such  a  circle  as  can  be  divided  by  your  num- 
ber, and  if  the  quotient  be  2,  3,  4,  he,  then  you  must  set 
s  to  every  2d,  3d,  4th  points  &c.  skipping  the  rest.  As  if 
you  want  21  teethj  take  the  circle  84,  which  divided  by  21  gi'ves 
4;  so  that  you  must  set  ^  to  every  4th  tooth  only^  and  so 
cut  itp 

A  crown  wheel  may  be  cut  the  same  way;  but  then  thecen* 
tre  of  the  wheel  J~  must  be  brought  over  the  edge  of  the  wheel 
to  be  cut,  and  there  fuced.  Also  oblique  teeth  may  be  cut  in 
a  wheel  after  the  same  manner;  but  you  must  lirst  ease  the 
screw  K,  and  then  turn  the  cutting  frame  about  K  as  an  axis, 
till  the  cutter  /  have  a  proper  degree  of  obUquity,  and  there 
screw  iast  the  pin  Kj  by  the  nut  2,  and  proceed  as  before. 

After  tlie  teeth  are  cut  widi  this  engine,  they  are  still  to  be 
wrought  into  their  proper  form,  with  files  suitable  for  the  busi- 
ness ;  and  this  the  workman  must  do  by  hand, 

EsAMPLB  CIV.  {Fig.t,  P/.LXIX,) 

EH  is  a  gltmm^t  vice,  for  drawing  window  lead,  PG,  QH 
(wo  axles,  running  in  the  fmme  KL,  ML.  D  two  wheels 
of  tron  case-hardened,  l|  inch  broad,  and  of  die  thickness  of 
a  pane  of  glass ;  these  wheels  are  fixed  to  the  axles,  and  run 
very  near  one  another,  not  being  above  j\  of  an  inch  distant- 
across  their  edges  are  several  nicks  cut^  the  better  to  draw  the  lead 
tbrough.  E,F,  two  pinions,  of  12  leaves  each,  turning  one  ano- 
ther, and  going  upon  the  ends  of  the  axles,  which  ari^  square. 
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and  kept  (Sut  there  by  the  nuts  P,  Q,  which  are  screwed  fost 
on  widi  a  key.  A,  a  two  dieeks  of  iron,  case-hardened,  and 
fixed  on  each  side  to  the  frame  with  screws ;  these  are  cut  with 
an  opening  where  the  two  wheels  meet,  and  set  so  near  the 
wheels,  as  to  leave  a  space  equal  to  the  thickness  of  the  lead ; 
so  diat  between  the  wheels  and  the  cheeks  there  is  left  a  hole, 
of  the  form  represented  at  N,  which  is  the  shape  of  the  lead 
when  cut  through.  The  frame  RLML  is  held  together  by  cross 
ban  going  through  the  sides,  and  screwed  on :  and  a  cover  is 
pat  over  the  madiine  to  keep  out  dust;  and  it  is  screwed  fast 
down  to  a  bench,  by  screw  nails  LX>. 

When  it  is  used,  the  lead  to  be  drawn  is  first  cast  in  moulds, 
into  pieces  a  foot  long,  with  a  gutter  on  each  side.  Take  one 
of  tboe  ineces,  and  sharpen  one  end  a  little  with  a  knife,  and 
out  it  into  the  hole  between  the  wheels ;  then  turning  the  han- 
dle ^  the  lead  will  be  drawn  through,  of  the  form  designed. 

Example  CV.  {Fig.  1.  PL  LXX.) 

AC  a  water-mill  for  grinding  corn,  without  either  trundle  or 
cog-wheel.  BC  is  the  arbor,  or  axis  of  the  mill ;  this  is  a  cy- 
hiMiical  piece  of  wood,  about  two  feet  diameter;  GHIKLMN 
is  a  leaf  or  wing  of  wood,  \7h0se  breadth  is  about  the  radius 
of  the  arbor;  this  runs  spiral-wise  round  the  arbor  from  bottom 
to  top,  ascending  in  an  angle  of  about  35  degrees;  it  must 
every  where  stand  upright  on  the  surfoce  of  the  arbor.  Instead 
of  one  you  may  use  two  of  these  spiral  leaves,  especially  if  they 
be  narrow.  This  arbor  and  its  spiral  leaf,  turns  round  upon  a 
pivot  P  at  the  bottom;  and  at  the  top  B,  it  has  a  spindle, 
which  goes  through  a  plank,  and  is  fixed  to  the  upper  milWtone 
D,  which  turns  round  with  it;  so  that  the  arbor  has  little  or 
no  friction.  QRST  is  a  hollow  cylinder,  made  of  stone  or  brick, 
to  enclose  the  arbor  and  its  leaf;  and  whose  inside  is  walled 
as  near  as  possible,  just  to  suffer  the  leaf  to  turn  round  with- 
out touching ;  so  that  no  water  can  escape  between  the  leaf  and 
the  wall ;  and,  consequently,  it  can  only  run  down  the  declivity 
of  the  leaf;  its  top  is  represented  by  the  circle  QBTV.  RWS 
is  an  arch  to  let  the  water  out  at  the  bottom,  to  run  away ; 
and  big  enough  to  go  through  to  repair  the  engine.  F  is  uie 
trough  that  brings  the  water ;  D,  E  the  two  mill-stones.  A  the 
hopper  and  shoe.  The  arbor  and  its  leaf  may  be  cut  altogether 
out  of  the  solid  trunk  of  a  tree ;  or  else  the  leaf  jnay  be  made 
of  pieces  of  boards,  nailed  to  several  supporters  of  wood,  whidi 
are  to  be  let  every  where  into  holes  made  in  the  body  of  the 
arbor,  so  as  they  may  stand  perpendicular  to  its  surfece;  and 
all  set  in  a  spiral.  And  the  spiral  is  made  on'  this  considera- 
tion ;  that  for  every  10  indies  m  the  circumference  of  the  axis, 
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you  must  rise  7  inebes  in  length.    But  at  the  top  G,  it  wiUii 
be  bettei  to  rise  faster,  so  as  to  have  its  surface  almost  pe 
p*udiciilar  to  the  stream. 

When  the  niiU  is  to  go,  the  corn  is  put  into  the  hopper  at 
A,  which  mns  down  ihe  shoej  through  the  tmU-sioae  D.  And 
the  spout  F  being  opened,  the  water  falls  upon  the  oblique  leaf 
GHlfcj  and  by  its  force  luros  the  a^tis  BC  aboutj  aud  witli  it 
the  stone  D,  and  grinds  the  corn. 

Example  CVL  {Fig.  1.  PL  LXXI.) 

DBF  is  the  arch  of  a  bridge^  which  shall  sustain  itself,  and 
all  the  parts  of  it,  in  equihbrio.  Such  ao  arch  will  be  stronger 
than  any  otherj  because  an  arch  that  can  sustain  itself,  will 
more  easily  sustain  an  additional  weightj  dian  an  arch  that  can*- 
not  sustain  itselfj  but  only  by  the  cohesion  of  the  mortar,  Hkii 
arch  DBF  is  a  semicircle,  whose  centre  is  and  vertex  Bj 
and  the  wall  Kl!ta  must  be  so  built,  that  the  height  AT,  in 
any  place  A,  must  be  as  the  cube  of  the  secant  of  the  arch  BA, 
which  will  cause  it  to  run  upwaitis  towards  D,  in  the  form  of 
the  curve  *ST,  But  as  this  form  is  not  commodious  for  a 
bridge,  the  construction  may  be  performed  tbu3»  In  any  place 
of  the  arch,  as  A,  let  the  superincumbent  part  AT  be  built  of 
heavier  materials  thsm  at  Bj  in  proportion  of  the  cube  of  ibe 
Secant  of  the  arch  BA,  for  the  pirts  near  B,  but  in  somethingf 
less  proportion  iu  the  parts  towards  A  and  D-  And  the  right 
line  being  drawn,  will  nearly  terminate  the  top  of  th#. 

wall.  But  as  materials  cannot  well  be  procured  for  this  pur- 
pose, the  following  way  may  be  used. 

With  the  radius  BR,  {Pig.  "2.  PL  LXXI.)  describe  the  ardi 
DBrf,  of  m  (degrees;  DB,  being  each  45,  And  if  BR  con- 
Bista  of  too  parts,  make  BS,  IG.  Draw  the  right  line  G^, 
perpendicular  to  SB  11 ;  and  the  arch  DBrf  shall  support  ihe 
wall  jyGgd  in  equilibrio  iu  all  its  parts.  If  the  arches  DB  and 
"Bd  be  made  each  60  degrees^  and  the  height  BS  T  parts,  and 
the  right  line  drawn,  then  the  arch  DBd  will  equally  sup- 
port the  wall  DGgfi  iu  all  parts  :  but  then  the  materials  made 
use  of  abotit  the  places  ff,  ought  to  ,be  only  about  half  tht 
weight  of  those  at  B  and  D<  ,  And  these  sre  the  principal 
oas^  in  vvhich  a  circle  is  serviceable,  fqr  making  an  Eirch  stand 
in  equilibrio.  ' 

Another  eouilihrial  arch  is  from  the  catenary*  Make  the 
laiuM  rectam  BS,  (1%  3.  PL  LXXI.) 1 100  equal  parts;  BR, 
AR,  RF  each  153;  descobe  the  catenary  ABF,  through  tha 
points  A,  B,  and  Then  ABF  will  be  an  arch  whicb 

will  support  the  wall  AGgf  in  equilibrio,  in  every  point  of  it. 
The  fault  of  this  arch  is^  uat  by  reason  of  the  b^ht  BS,  there 
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is  too  mudi  weight  of  wall  upon  it,  which  will  endanger  the 
raydng  the  piera,  except  the  foundation  be  very  good ;  and  it 
likewise  raises  the  bridge  too  high. 

Another  arch  of  equilibration  is  this;  make  SB,  BR,  AB 
(1%.  4.  PL  LXXI.)  of  any  Ungths  at  pleasure ;  draw  the  right 
line  GS  parallel  to  the  horizon ;  and  to  the  assymtote  GS,  draw 
the  logarithmic  curve  AB :  which  may  be  done  thus ;  draw  AO 
pcnpendicalar  to  GS ;  divide  SG  into  any  number  of  equal  parts ; 
ana  as  many  points  of  division  as  you  have,  find  so  inany 
mean  proportionals  between  SB  and  GA;  set  these  from  the 
respective  points  in  SG  dovmwards,  in  lines  drawn  through 
these  points  parallel  to  SR ;  and  these  vrill  give  so  many  points, 
through  whidk  the  curve  BA  is  to  be  drawn ;  and  the  curve  b¥ 
is  drawn  the  same  way:  between  these,  the  pier  BD  is  placed 
inth  a  tower  upon  it  The  only  fault  this  arch  has,  is,  that  the 
water-way  is  diminished  by  the  pier  BD ;  and  as  many  arches, 
to  many  supernumerary  piers  there  will  be. 

I  shall  now  shew  how  to  describe  an  arch  dear  of  all  these 
Ineonveniencies.  Make  BR,  AR,  RF,  (Fig,  5.  PL  LXXI.)  each 
ecpud  to  30  feet  ;  BS,  3)  feet.  Draw  AG,  parallel  to  RS. 
Divide  SG,  Sg  into  30  equal  parts,  or  30  feet ;  through  all  ihe 
points  of  division,  draw  lines  parallel  to  SR.,  as  TC.  Then,  upon 
each  of  these  lines,  set  off  from  SG  downwards  the  number  of 
'feet  you  find  in  the  following  table,  respectively,  as  TC ;  then 
C  will  be  in  the  arch.  Do  the  same  for  the  side  Sg.  Then  the 
curve  FBCA,  drawn  through  all  these  points  C,  wiU  be  the  arch 
J  required.  The  curve  is  easily  drawn  through  tliese  points^  by 
help  of  a  bow  held  to  every  three  points ;  or  rather  to  four  or 
five  points  at  once ;  which  may  easily  be  done  by  two  or  three 
persons  holding  it. 


Value 
of  ST  in 
ftet 

Value  of  TC  in 
feet  and  dec.  | 
parts.  1 

Value  of 
ST. 

Value  of  TC.  j 

.Value  of 
ST. 

Value  of  TC. 

0 

3.500 

1 

3.517 

11 

5.754  j 

21 

14.014 

2 

3.568 

12 

6.231 

22 

15.4ir 

3 

3.653 

13 

6.769  1 

23 

16.970 

4 

3.774 

14 

7.372  1 

24 

18.687 

5 

3.931 

15 

8.047  1 

25 

20.585 

6 
7 
8 
9 
10 

4.127 
4.362 
4.639  ; 
4.961 
5.332 

16 
17 
18 
19 
20 

8.799 
9.636 
10.567 
11.600 
12.745 

26 
27 
28 
29 
30 

22.682 
24.999 
27.557 
30.381 
•  33.500 

m 
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If  the  thickness  of  an  arch  at  top,  BS,  be  supposed  to  be  3  fe€t, 
4  feet,  5  feet,  it  will  require  a  dififeient  curve  to  he  constructed  : 
but  this  seems  to  be  strong  enough  for  the  bigness  of  the  arch, 
especially  if  built  of  strong  sound  stone.  Here  3  feet  h  assigned 
for  the  ihickness  of  the  arch ;  but  it  must  be  made  2  or  3  inches 
less,  on  account  of  the  parapet  wall,  for  this  adds  weight  to  the 
whole*  Also,  if  the  top  GS  is  not  exactly  horizontal,  but  is  2  or 
3  feel  lower  at  G  than  at  the  thickness  BS  ought  to  be  2  op 
3  inches  less  upon  that  account  ■  or  if  higher  at  G,  two  or  three 
inches  roore  :  but  these  niceties  make  no  seosible  difference  in 
practice. 

This  curve  differs  from  the  catenary  (in^^.  3.)  For  at  the 
vertex  B  it  is  less  curve  than  the  catenary ;  and  towards  A  it 
is  more  curve.  The  curvature  at  B  in  this  arch  is  very  near  that 
of  a  circle  whose  rid i us  is  BR.  And  the  curvature  increase* 
from  the  vertex      and  is  at  least  about  C, 

At  the  points  A,  F,  where  the  arch  springs,  il  rises  at  an 
angle  of  73*=  v  1',  above  the  horiion. 

If  an  arch  is  required  to  be  either  greater  or  less  than  ihii,  it 
is  no  more  than  taking  any  other  equal  parts  instead  of  feet ;  and 
setting  off  all  the  lines  by  these  equal  parts. 

In  this  scheme^  I  have  drawn  a  circle  to  shew  the  difference  be- 
tween fhat  and  this  arch.  The  like  I  have  done  in  figures  3  and  4, 
Whence  it  appears,  that  a  circle  circumscribes  all  diese  arches  of 
eqTuilib ration ;  and,  consequently,  a  circle  is  too  curve  at  tlie 
lower  parts,  or  at  the  haunch  of  the  arch. 

If  any  architects  or  builders  of  churches  or  bridges,  ehall  please 
to  make  use  of  this  curve  here  constructed  (Jig.  5.)  for  the  form 
of  an  arch,  they  vHH  find  it  the  strongest  arch  possible  to  be 
made  for  these  given  dimensions.  And  where  many  thousand 
pounds  are  laid  out  in  building  a  single  bridge,  it  is  certainly 
worth  the  pains  to  seek  after  the  form  of  an  arcb,  which  shall  be 
the  stroT^est  possible,  for  supporting  so  great  a  weight,  And  it 
is  very  surprising  that  no  body  has  attempted  it.  Instead  of  that, 
aU  people  have  contented  themselves  with  constructing  circular 
arches ;  not  knowing  that  different  pressures  against  the  arch,  in 
difi^rent  places,  require  different  curvatures,  which  does  not 
answer  in  a  circle  where  the  curvature  is  all  alike.  A  circle^  it  is 
true,  is  very  easily  described,  and  that  may  be  one  reason  for 
making  use  of  it :  but,  surely,  the  description  of  the  curve  here 
given,  is  very  easy^  by  t^ie  foregoing  lable,  and  can  create  no  diffi- 
culty at  all.  If  there  be  any  difficulty  in  the  practice^  it  \s  only 
in  cutdng  the  stones  of  a  true  curvature,  to  fit  the  arch  ex- 
actly in  all  places ;  but  this  is  easily  managed  with  a  little 
care>  by  taking  proper  dimensions ;  observing,  that  every  joint 
must  be  perpendicular  to  the  tiurve  in  that  point. 
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A  circle,  or  any  other  curve,  where  the  curvature  is  not  pro- 
periy  adapted  to  Uie  weight  sustained,  is  not  capable  of  sustain- 
ing so  vast  a  weight,  but  must,  in  time,  give  way,  and  fall  to 
ruin,  except  the  mortar  happen  to  be  so  strong  as  to  keeji  it 
together.  On  the  contrary,  tne  arch  here  described,  sustaininj^ 
eveiy  where  a  (quantity  of  pressure  proportional  to  its  strength, 
will  never  give  way,  so  long  as  the  piers,  whidi  are  its  bases, 
stand  good ;  but,  by  virtue  of  its  figurie,  will  stand  firm  and  un- 
shaken, as  long  as  the  materials  the  arch  is  made  of  will  last. 

As  to  the  piers,  their  thickness  may  be  |,  J,  or  ^  the  width  of 
the  arch,  according  to  the  firmness  of  the  ground  they  are  to 
stand  on.  They  must  be  considerably  broader  than  the  bridge, 
reaching  out  on  each  side  into  the  water,  being  built  with  sharp 
edges  to  divide  the  stream.  At  the  bottom,  they  must  be  well 
fenced  with  sterlings  for  their  securify.  The  outermost  pier  must 
be  built  far  backwards,  to  sustain  the  oUique  pressure  of  die 
arch,  which  has  nothing  else  to  butt  against ;  otnerwise  the  pier 
or  buttress  will  yield  to  the  pressure  of  the  arch,  and  the  arch 
vrill  break. 

Another  construction. 

In  the  former  construction,  I  made  the  height  BS  to  be  only 
3|  feet  But  as  that  may  be  reckoned  too  weak  for  an  arch  of 
60  feet  wide,  like  Westminster  bridge,  where  the  height  above  the 
arches  is  8  or  10  feet;  therefore  I  have  here  given  4  new  table 
for  constructing  the  arch  of  a  strong  bridge,  csdculated  upon  tlie 
same  principles  as  the  former,  being  7  feet,  all  the  other  dimeo^ 
sions  remaining  the  same.  This  arch  rises  from  the  pier  at  an 
angle  oi  70°  20'.  In  the  former,  I  set  off  all  the  points  of  the 
curve  from  the  line  SO ;  in  this,  I  set  them  off  from  the  line  BEE, 
which  is  a  tangent  to  the  top  of  the  arch  at  B. 

The  construction  is  thus.  Having  drawn  the  line  EBH  through 
the  top  B  of  the  arch  parallel  to  the  base  AF,  take  from  the  table; 
col.  1,  any  length,  and  set  it  from  B  in  the  line  BE,  as  to  L,  and 
from  R  to  I,  and  draw  the  line  LI ;  then,  from  col.  2.  of  the 
table,  take  the  correspondent  length  of  LC,  and  set  it  firom  L  to 
C,  in  the  line  LI ;  then  C  is  a  point  in  the  curve.  And  thus  all 
the  other  points  of  the  arch  must  be  found ;  and  then  a  curve 
drawn  regularly  throi^h  them  all,  gives  the  form  of  the  arch. 
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VSiliie  of 
BL  in 

Value  of  LC  la 

BL 

LC 

BL 

LC 

fne. 

feet. 

_  

1 

0.021 

16 

 ^ 

6.251 

25| 

n 

.086 

17 

f  *  J  r  ii> 

*u 

20.263  ' 

.194    1  18 

g  ]  g3 

21.316 

.346 

19 

9.285 

27 

22.412 

< 

.543    1  20 

10.488 

S3*553 

.787 

20| 

1 1 . 1 29 

28 

24.741 

7 

t.073  1 

21 

11.798  ' 

284 

25.978 

8 

1.419 

1  2li 

12.495 

29 

27.266 

9 

1.811 

22 

13.223 

29| 

28.605 

10 

2.258  1 

1  22^ 

13.981 

30 

30.000  ' 

It 

2.761 

1  23 

14.772 

12 

3.324 

1 

15.596 

13 

3.951 

24 

16.455 

14 

4.644 

24^ 

17.349 

15 

a,4og 

1  25 

18.281 

ExampleXVIL  {Fig.  1.  P/.  LXXn.) 
QCF  is  the  weighing  engine  at  the  mnipikesj  for  weigh ing  road 
waggons.    CD  is  a  strong  beam  of  wood,  monng  about  th^  cen-*. 
ire  L    £F  a  steel-yard,  moveahle  ahgut  the  centre      and  miMn 
pended  at  D,  by  the  iron  hook  DH.    PA  several  jtoh  chaini, 
suspended  at  a  hookj  moveabli?  about  the  ceotra  P ;  PH  is  aboufr^ 
3  or  4  inches,  UF  about  1 0  or  12  feet.    Hie  4  chains  at  A  are  to? 
put  round  the  waggon.    F  a  leaden  weight  fixed  at  the  end  F, 
whose  wfight     about  If  hundred  weight-.    G  a  moveable  weight  s 
of  I  of  a  hundred  weight ;  this  i:^  movc3  along  the  graduated  beaoi  ^ 
HF,  at  pleasure.    KNL  a  scaffold  to  walk  on.    CS  is  a  chain  ' 
baTig;ing  at     and  fixed  to  the  brass  pulley  S.    Round  this  pulley 
goes  the  rope  MSH,  whose  end  M  is  fixed  to  the  cross  baf  QQ  off 
the  frame  QQTr.    In  this  frame,  the  wheeb  and  axles  1,     3  i 
move  round  ;  being  turned  by  the  handle  B,  fixed  to  an  irou  ' 
wheel  or  fly.    These  wheels  and  trundles  are  iron :  the  trundles 
contain  11  teeth,  the  wheels  about  60.    The  rope  R  is  wound  < 
about  the  wooden  axle  3,  being  5  or  6  inches  diameter.    At  tibe 
end  of  the  axle,  opposite  to  B»  is  another  handle  to  be  used  upon  « 
occasion-    The  frame       is  fixed  fast  in  the  ground,  that  it  may  I 
not  be  pulled  up.  The  beam  CD  and  steel-yard  EF  move  between- 
the  cheeks  KZ  and  HX,  which  serve  to  guide  them,  and  likewise 
strengthen  the  frame  they  move  in,  which  ^ame  is  tied  together 
with  several  braces,  as  NO,  VO,  ficc. 
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When  any  waggon  is  to  be  weighed,  the  4  chains  A  are  hooked 
TOond  iij  and  a  man  tarns  the  handle  B ;  which,  by  turning  the 
wheeby  wnds  the  rope  about  the  axis  3,  which  pulls  down  the 
cad  which  raises  the  end  D  of  the  lever  CD.  The  end  D 
laises  the  steel-yard  EF,  with  the  diains  A,  and  the  wa^igon ;  and 
a  man  npon  tjbe  scaffold  NL,  moves  the  weight  G  till  it  be  in  eqoi- 
librio;  and  the  divisions  of  the  beam  shew  how  much  the  waggon 
il  aibove  60  hundred  weisfat 

In  some  engines,  the  beam  CD  is  wanting;  instead  of  which, 
tiieie.  are  two  blocks  and  puUies,  th_e.  upper,  one  listened  to  a 
erosTbeam  ZX,  the  lower  is  hooked  to  the  piece  DII,  and  the 
fopei  goes  frotm  the  top  block  to  the  axis  3 ;  but,  in  this  case. 
Ifae  stxis  of  the  wheels  are  parallel  to  the  side  of  the  machine,'  and 
not  pefpendiciilar,  as  they  are  in  the  former ;  and  then  there  is 
but  one  wheel  and  pinion,  each  of  iron^  the  wheel_pf  110  or  130 
teeth,  and  pinion  1 1 . 

•  Lastly,  in  some  machines,  that  likewise  want  the  beam  CD, 
t)ie  wheels  and  axles  1, 2,  3  are  placed  in  the  top  of  the  madiine, 
a|x>ve  ZX ;  where,  being  turned  round,  they  raise  the  beam  £F, 
dther  by  a  rope  going  from  it,  or  by  blocks  and  puUies. 


Example  CVIU.         1.  PL  LXXIII.) 

■>HR£  u  a  large  organ,  IIIH  the  tound  board;  this  is  com- 
pdidd  of  two  boards,  the  iq)p€r  board,  or  cover  HEIH,  and  the 
nAi-  one  III,  which  is  far  thicker  than  the  upper  one.  Each 
of  these  is  made  of  several  planks  laid  edge-ways  together,  and 
jdHtad  very  close.  In  the  under  side  of  tlie  under  board,  there 
anl  seivend  channels  made,  running  in  direction  LL,  MM,  ficc. 
oo&tkiued  so  far  as  is  the  number  of  stops  in  the  organ ;  and 
cotting  almost  to  the  edge  HK.  These  channels  are  covered 
oi%r  very  dose,  with  leather  or  parchment,  all  the  way,  except  a 
holtf  which  is  commonly  at  the  fore  end  next  HK,  upon  which 
a  yalve  or  puff  is  placed.  These  channels  are  called  partUums. 
MFhen  this  nap  or  valve  is  shut,  it  keeps  out  the  air,' and  admits 
it  when  open.  On  the  upper  side  of  the  under  board  there  are, 
likewise,  cut  several  broad  square  gutters,  or  channels,  lying 
cross  tb«  former,  but  not  so  deep  as  to  reach  them ;  these  lie 
in  direction  LN,  PQ,  &c.  And  to  fit  these  channels,  there  are 
as  many  wooden  sliders  or  registers,  /,/,/,  &c.  running  the 
whole  length ;  and  tiiese  may  be  drawn  in  or  out  at  pleasure. 
Tbo  numl^r  of  these  is  the  same  as  the  number  of  stops  in  the 

IKKR  &e  wmd  chest:  this  is  a  square  boz^  fixed  dose  to 
the  under  side  of  the  under  board,  ana  made  air  tight,  so  that 
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no  ak  can  get  out,  but  what  goes  through  the  valves,  along  the 
partitiana. 

V,  V  are  the  vahet  or  pufi  -which  open  into  the  wind  chest ; 
and  are  all  enclosed  into  it,  and  may  be  placed  in  any  part  of 
it,  as  occasion  requires.  One  of  these  valves,  with  the  apdng 
that  shuts  it,  and  wire  that  opens  il,  is  represented  apart,  on 
the  left  hand. 

C,  D,  E,  F,  Stc.  mre  the  ket/s  on  which  the  fingers  are  laid, 
when  the  organ  plays.  These  keys  lie  over  the  horizontal  bar 
of  wood  io  which  are  stuck  as  many  wire  pins  «,  on 
which  the  keys  are  put ;  and  the  keys  move  up  and  down  tjpoa 
this  bar  as  a  centre.  3  is  another  bar,  against  wMch  the  keys 
fall  when  put  down;  on  this,  also,  are  several  wires,  going 
througl)  the  keys  to  guide  them ;  and  on  this  bar  a  list  h  hsU 
ened,  to  hinder  the  knocking  of  the  keys  against  it, 

Kow,  the  keys  are  made  lo  communicate  with  the  valves  se- 
veral ways,  as  I  shall  now  describe,  s,  a,  s,  are  the  rotkrtf 
moving  on  the  pivots  t,  t;  these  rollers  lie  horizontally  one 
above  another,  and  one  at  the  end  of  another,  of  such  a  Lengtb^ 
as  to  teach  from  the  vaWe  to  the  key.  a,  <i,  arms  or  lever* 
fixed  to  the  key  rollers ;  ic,  w  the  vahe^  wires  fixed  to  the  arm* 
tij  Hj  and  to  the  valves  V,  and  going  through  the  holes  A,  in 
the  bottom  of  the  wind  chest,  b,  bj  b  arms  fixed  likewise  to  tb« 
key  rollers,  dj  dxhQ  key  mres^  fixed  to  the  arms  fr,  6,  and  to 
the  keys  C,  D,  E*  Now,  putting  down  the  end  of  any  of  lbs 
keys  C,  D,  E,  it  puUs  down  the  arm  &,by  the  wire  d^  whicli 
turns  the  roller  s  about,  with  the  arm  a,  which  pulls  down  the 
wire  which  opens  the  valve,  which  is  shot  by  the  sprmg,  aa, 
soon  as  the  key  is  let  go.  In  this  construction^  there  must  be 
a  worm  spring  fastened  to  the  key,  and  to  the  bav  on  thfl» 
further  side,  to  keep  the  end  5  of  the  key  down. 

Another  method  of  opening  the  valves  is  thifl.  xy,  xy^  arc 
slender  levers  moveable  upon  the  centres  I,  1,  5^,  5t,  are 
wires  going  from  the  far  ends  of  the  keys,  to  the  ends  r  oi"  thft 
levers.  ^V,  ^V,  other  wires  reaching  fi-om  the  ends  y  of  the 
levers,  through  the  holes  A,  to  the  valves  V,  So  that  putting 
down  the  key  C,  fee.  raises  the  end  5,  which  thrusts  up  thft 
end  ^  of  the  lever,  by  the  wire  St;  tins  depresses  the  ena  o$ 
the  lever ;  which  pulls  down  the  wire  ^V,  and  opens  the  valv& 

A  third  way  of  opening  the  valves  is  this.    At  the  end  of 
the  key  6  is  a  lever  8,  9,  moving  upon  the  centre  7*  This, 
with  the  key,  makes  a  compound  lever*    From  the  end  f>,  ther 
is  a  wire  goes  to  the  valve*    Now,  putting  down  the  end  6  of 
the  key,  raises  the  end  6,  which  depresses  the  end  9  of  tlie  lever 
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8  9,  and  polls  down  the  wire,  and  openii  the  yalve.  I  have 
only  drawn  one  of  these  in  the  sdieme,  and  but  a  few  of  the 
olliintto  aToid  confusion* 

By  K  are  the  roliert  to  move  the  sliders^  by  help  of  the  anna 
efj  rf,  whidi  are  fixed  horizontally  in  these  rollers,  ke,  ke  m 
lefcrs  also  fixed  in  the  rollers,  te,  le  are  the  handles,  which 
lie  herizootalhry  and  pass  through  the  holes  ly  I,  and  are  &stened 
to  die  lever  Ae,  beine  moveable  about  a  joint  at  e. 

How,  any  handle  h  being  drawn  ''out,  pulls  the  end  e  towards 

>iriiich  turns  TLk  about,  along  with  ihe  arm  tf;  and  the  end 
mdls  out  the  slider  fg.    And  when  p  is  throst  in,  the  arm 
^fukemse  thrusts  in  the  slider/^. 

Upon  all  the  several  rows  of  holes  which  appear  on  the  t^  of 
the  tipper  board,  are  set  upright  so  many  rows  of  pipes :  X  is 
a  ^fiiie  wpt  of  wood,  Z  ^  fivJtt  of  metal,  Y  a  trumpet  pipe 
of  metal.  The  pipes  pass  through  holes  made  in  boards,  placed 
above  die  upper  board,  to  keep  them  from  Mling. 

The  pipes  are  made  to  communicate  with  the  wind  chest,  after 
this  manner.  When  any  slider^  is  drawn  out,  holes  are  bored 
Enough  the  upper  board,  through  the  slider,  and  through  the 
under  board,  into  the  partition  below :  so  that  any  pipes,  placed 
upon  these  holes,  will  then  communicate  with  the  pe^tition; 
wmch,  by  its  valve,  communicates  with  the  wind  ch^t  But 
when  the  slider  is  thrust  in,  the  holes  in  the  slider  do  not 
stand  against  the  holes,  in  the  upper  and  under  boards;  and 
the  communication  is  stopped,  so  that  no  wind  can  get  to  the 
pipe. 

fl,  qT  are  the  bellowg,  which  must  be  two  at  least,  q,  q  the 
lotfwf ;  O,  O  the  handles^  moving  upon  the  fixed .  axes  nn, 
Eaui  of  these  bellows  consists  of  two  boards ;  the  under  board 
is  fixed  immoveable.  In  this  there  is  a  valve  r  opening  inwards, 
and  a  tube  leading  to  it,  called  the  convening  tube.  There  is 
also  a  hole  in  this  under  board,  from  which  a  tube  leads  to 
the  port-vent,  whidi  is  a  square  tube  24,  rising  upwards,  and 
is  inserted  into  the  under  side  of  the  wind  chest  at  2.  And  in 
the  tube  leading  to  the  portrvent,  there  is  a  valve  which  opens 
towards  the  port-vent ;  wnich  suffers  the  air  to  go  up  the  port- 
vent,  but  none  to  return.  All  the  bellows  are  constructed  after 
the  same  manner.  Now,  the  handle  O  being  put  down,  raises 
the  upper  board  T,  and  the  air  enters  through  the  valve  r; 
and  when  the  handle  is  let  go,  the  weight  of  the  upper  board 
T,  (which  carries  3  or  4  lb.  to  every  square  foot,)  continually 
descending,  drives  the  air  through  the  port-vent  to  the  sound 
board.  And  as  one  pair  of  bellows,  at  least,  is  always  descend- 
ing, since  they  work  alternately,  there  will  be  a  consjtant  blast 
through  the  port-vent. 

In  chamber  organs  there  is  but  one  pair  of  bellows,  which  con-. 
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lists  of  three  boaid»|  in  nature  of  a  smithes  bellows ;  and  ao  has  a 
coDtinunl  blast. 

All  the  inner  work  is  hid  from  sight,  by  the  fece  of  the  ioitni- 
ment  standing  npon  3d, 

As  many  partitions  LL,  MMj  &Cp  as  there  are  in  the  sound - 
boardj  so  many  TaWes  V,  V,  rollers  or  else  so  many  level's 
or  89j  and  their  wires,  and  that  is  just  as  many  as  there 
are  keys  A,  B,  C,  &c.  And  there  are  generally  61  keys,  with 
flats  and  sharps,  reaching  from  G  to  G,  the  compass  of  5  octaves* 
But  the  sc:h(?me  could  not  contain  them  all.  likewise,  there  are 
as  many  baiidles  /,  &c,  rollers  R,  R,  &;c,  sliders  J]  fj  &c,  as 
there  are  di^^^frenl  stops  upon  the  organ.  And  it  must  be  ob- 
servedj  that,  between  the  sliders/,^/",  he.  there  are  as  many  sltderi 
on  the  right  hand ;  and  tlie  same  number  of  handles  and  rollers, 
which  cannot  be  expressed  in  this  scheme.  And  other  rows  of 
pipes  placed  between  LN,  PQj  &c.  And  towards  the  middle  of 
the  or^auj  the  least  pipes  are  placed,  and  die  least  partitions ; 
the  greatest  being  on  the  outside. 

Tliere  are  many  stops  in  some  organs,  but  genemlly  10  or  12 
on  each  hund  ;  these  arc  some  of  them ; — diapason,  principal,  fif- 
teendi,  twelfth,  tierce,  cornet,  tmmpetj  French  horn,  vox^humanaj 
flute,  bassoon,  cremona,  &c-  and  a  contrivance  to  swell  the  notes 
of  some  of  the  stops. 

When  this  noble  instrument  is  to  be  played  upon,  pot  down 
the  handle  O  of  the  bellows,  thi^i  raises  ihe  upper  hoard  T,  and 
causes  the  air  to  eriter  in  at  the  valve  r.  Then  that  handle  being 
let  go,  the  ottier  handle  O  is  put  down ;  during  this  time^  the 
board  T  of  the  first,  descending,  and  shutting  the  valve  r,  drives 
the  air  through  the  other  valve,  up  the  port^veat  into  the  wind 
chest.  Then  drawing  out  any  handle,  as  the  fiute  stop  pl^  this 
draws  out  the  slider itnd  all  die  pipes  in  the  set  LN  are  ready 
to  play,  as  soon  as  the  keys  C,  D,  E,  &o.  are  put  down.  There- 
fore, putiing  down  die  key  D,  by  laying  the  finger  upon  it,  opens 
the  correspondent  valve  mV^  and  the  air  enters  through  it,  mto 
the  pipe  A,  and  makes  it  sound.  In  the  same  manner,  any  other 
pipe,  in  the  set  LN,  will  sound,  when  its  key  is  put  down^  But 
no  pipe  in  any  other  set  PQ  will  speak,  ^hecause  the  commnni- 
eation  is  stopped)  till  its  slider  ^  is  drawn  out  by  the  cor  respond- 
ing handle  t. 

Pipes  are  made  either  of  wood  or  metal ;  some  have  mouths 
like  Antes,  others  have  reeds.  The  smallest  pipes  are  made  of 
tin,  or  of  tin  and  lead*  Hie  sound  of  wooden  and  leaden  pipes 
18  soft.  Short  pipes  are  open,  and  the  long  ones  me  stopped ; 
^e  mouths  of  large  square  wooden  pipes  aie  stopped  with  valves 
i>f  leather*  Metal  pipes  have  a  little  ear  on  each  side  of  the 
the  mouth,  to  tune  them,  by  bending  it  a  little  in  or  out,  What- 
eifer  note  any  open  pipe  sounds,  when  the  mouth  is  stopped  it 
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win  sound  an  octave  lower:  and  a  pipe  of  twice  its  oapacilgr 
will  ^und  an  octave  lower. 

(Fig.  2.  PL  LXXIII.)  It  will  not,  I  think,  be  foreign  to  my 
design,  if  I  give  a  short  account  of  the  method  of  tuning  organs 
or  luirpsicords.  But  I  must  first  premise  something  concerning 
die  scale  of  music.  It  is  known,  irom  undoubted  experiments, 
that  if  AL  be  a  string  of  a  musical  instrument,  and  if  the  string 
be  stopped  successively  at  Y,  *,  q,  p,  o ;  and  i,  |,  },  f ,  f  of  it  be 
made  to  vibrate,  it  will  sound  an  eighth,  a  fifUi,  a  fourth,  a  greater 
third,  and  a  lesser  third,  respectively. 

Now,  as  the  difference  between  the  fourth  and  fifth  is  accounted 
a  whole  tone,  whereof  there  are  6  to  make  up  the  octave,  there- 
fore, we  shall  have  }  —  i,  or  t**  for  the  difference  of  the  strings, 
that  are  to  sound  a  note  one  above  the  other,  whereof  the  greater 
is  f .  Consequently,  if  the  string  is  1,  that  difference  would  be  i. 
Therefore,  |  of  any  string  will  sound  a  note  higher ;  and  f  of  this 
second  would  sound  2  notes  higher  than  the  first ;  and  f  of  this 
third  would  sound  3  notes  higher  than  the  first,  &c.  and  this 
being  6  times  repeated  to  mSke  up  an  octave,  we  shall  have 
lxSxlXfXiXf=i,  asit  would  be  if  the  note  was  exact, 
but  that  product  is  less,  being  but  .4933 ;  and,  therefore,  |  is  too 
small,  and  ^  too  great,  for  a  tone.  And  6  of  these  notes  do  not 
exactly  make  up  an  octave. 

After  the  same  way,  if  we  take  the  difference  between  the 
fourth  and  lesser  third  for  a  whole  tone  (  | — |),  we  shall  get  tV 
of  the  string  for  a  whole  tone,  but  this  will  be  found  to  be  too 
great,  being  .5314,  instead  of  .5 ;  therefore  is  too  small  for  a 
note. 

If  we  try  by  half  notes,  we  shall  still  be  no  better.  The  lesser 
third,  the  greater  third,  and  the  fourth  differ  by  half  a  note ;  of 
which  there  ought  to  be  twelve  in  the  octave.  In  the  former 
case  we  get  |$  for  the  length  of  the  string,  in  the  latter  ^| ; 
and  ^  or  A  for  the  length  of  half  a  note.  The  first  is  far  too 
little,  and  the  latter  as  much  too  big. 

As  none  of  these  notes  or  half  notes  will  make  up  an  octave, 
so  neither  will  any  number  of  thirds,  fourths,  or  fifths,  make 
one  or  more  octaves.  A  lesser  third  contains  3,  a  greater 
third  4,  a  fourth  5,  and  a  fifth  7  half  notes.  Therefore,  4  lesser 
thirds,  or  3  greater  thirds,  make  an  octave ;  and  12  fourths  should 
make  5  octaves;  and  12  fifths  7  octaves.   But  if  this  was  so, 

then  we  should  haveT^  *  =  i,  Tl » =  fe  andT^  i»  — ^  *  (that 

iiT?  y  =:  i),  and  |^  V  =      But  never  a  one  of  these  is  so. 
And  hence  we  may  conclude,  that  no  scale,  made  up  of  these 
notes,  or  half  notes,  or  any  combinations  of  them,  or  of  thirds 
or  fijGdig,  &c.  can  be  perfectly  exact. 
Now,  to  contrive  a  scale  to  answer  as  near  as  possible  all  the 
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requisites  ;  let  AL,  Aiti,  An,  Ao,  kc.  to  AY  or  i  AX^  be  IS 
geametrical  proportionals ;  then  these  strings  AL,  Am,  Aji,  Sic- 
will  sound  ui  tlie  half  notes  ia  the  octave,  ^adually  asc^nditjg^ 
Therefore,  if  AL  be  put  ~  1,  AY  ^  1 1  Am,  A«,  Ao,  &c»  being 
90  vamy  mean  proportiotialK  between  1  and  i  will  be  found,  m 
i€t  down  in  the  following  table. 


Striagfl. 

Notea  equally 

Fui«  Ctjoicciiidli- 

i  second 
£  second 

AL 

Am 

An 

i.coooo 

.94387 

.S909O 

1.00000 

0 

lev.  third 
gr*  third 
fourth. 

Ao 

,84090 
.79370 
,74915 

.B3333 
.75000 

m  h 

fourth 

jfirth 
jgr,  sij:lL 

Ar 

Ai 
Au 

.707H 
.66742 
,62996 
.59460 

.66666 
.62500 
.60000 

%  sevciUh 
A  teventh 
eight 

An) 
AY 

.56123 
.52973 
.50000 

.50009 

0 

In  this  table,  the  3d  column  shews  the  lengths  the  vibrating 
string,  when  the  scale  ascends  by  ei^ual  degrees  of  sound,  or 
when  all  the  half  notes  are  equal. 

The  4th  col  ^shews  the  length  of  the  strit;^  to  sound  the  pure 
concords. 

The  last  col.  relates  only  to  the  concords ;  and  thews  the  error  of 
the  3d  col.  expressing  what  part  of  a  whole  tone  it  is  ;  and  whether 
it  is  below  (expressed  by  jj)  or  above  (by  s).  By  this  col,  we 
can  judge  how  the  scale  in  the  3d  col.  will  perform.  And  these 
errors  are  found  by  comparing  the  3d  and  4th  col.  together.  Am 
suppose  you  would  know  what  it  is  in  the  fifths  we  shall  have 
66742— 66666=76j  and  70711^2996=7715,  which  represents 
a  tone  in  that  place.  Then  or  is  the  error,  wluch  is  but 
the  hundredth  part  of  a  whole  tone.  And  as  the  number  m  the 
3d  coU  is  greater,  it  shews,  that,  by  this  scale,  the  fifUi  is  flatter 
than  it  ought  to  be.  And  so  are  the  rest  of  the  errors  found  out^ 
and  examined. 

Now  it  is  evident,  that  the  error  in  a  fifth  or  a  fourth  is  quite 
insensible  in  practice ;  but  the  thirds  and  sixths  sufier  the  most. 
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being  in  some  bat  the  13th  part  of  a  note^  which,  peifaape,  mty  be 
sensible  to  a  good  ear;  bat  then  it  will  not  be  so  percqitible  in 
a  third  as  it  woold  be  in  a  fifth ;  because  a  tibird  is  less  perfect 
than  a  fifth.  And  the  sweeter  the  cord,  the  more  easily  is  an  im- 
pcifeetion  discovered.  Now,  althoagfa  these  trifling  errors  will 
tike  away  something  from  the  sweetness  of  the  harmony,  and 
will  hinder  the  scale  bom  being  absolntely  perfect,  yet  there  is 
no  remedy  in  it,  bat  what  is  worse  than  the  disease. 

As  to  the  tuning  this  instrument,  it  is  plain  that  the  notes 
oi^t  not  to  be  tuned  by  perfect  fifths,  for  the  upper  note  will 
always  be  the  hundredth  part  of  a  note  too  high.  And  since  one 
must  take  12  fifths,  before  he  can  come  at  the  same  note  9gun, 
whence  he  set  off,  there  will,  at  last,  be  an  error  of  or  i  of  a 
note,  which  is  very  discoverable  in  a  fifth.  The  method  therefore 
to  be  taken,  is,  to  make  the  upper  note  a  very  little  flatter  than 
a  perfect  fifth,  by  first  tuning  it  perfect,  and  then  lowering  it 
a  small  matter,  but  not  so  mudi  as  to  offend  the  ear.  And  after 
you  have  thus  gone  through  the  octave,  if  you  find  the  last  note 
either  too  high  or  too  low,  begin  anew,  and  alter  them  all  a  little, 
according  to  your  judgment,  till  the  last  does  agree :  but  this 
judgment  is  to  be  attained  principally  by  practice.  Upon  the 
first  octave  being  rightly  tuned,  all  the  rest  depend;. and,  therefore, 
one  ought  to  be  very  exact  in  it ;  for,  in  all  the  rest,  there  is  no- 
thing to  do  but  to  take  the  eighths  above  and  below.  And  you 
ought  to  begin  to  tune  about  the  middle  of  the  instrument. 

Those  that  tune  by  thirds,  ought  to  take  the  upper  note  of  the 
greater  third,  as  sharp  as  the  ear  will  bear.  And  lesser  thirds 
should  be  taken  as  flat  as  they  may. 

Most  people,  in  tuning,  take  some  of  the  fifths  perfect,  and  leave 
otbers  imperfect;  which  they  call  bearing  notes.  But  this  is 
attended  with  great  inconvenience :  for  the  music  ought  to  be  so 
set,  that  no  fifth  ought  to  fall  on  any  of  these  bearing  notes, 
which,  instead  of  being  a  perfect  concord,  will  be  no  better  than  a 
discord,  since  the  error  in  these  bearing  notes  is  very  great.  For 
if  there  is  but  one  in  an  octave,  its  error  is  i  of  a  note ;  if  two  of 
them,  and  both  alike,  i'^  of  a  note.  Now,  if  these  people  be  so 
nice  as  to  distinguish  t^v  part  of  a  note,  much  more  would  they 
be  offended  at  i  or  i^.  And  always  to  avoid  taking  the  fifths 
upon  these  notes,  when  they  come  naturally  in  the  way,  would 
be  cramping,  and  even  spoiling  the  music.  And  another  dis- 
advantage would  arise,  that  a  piece  of  music  could  not  be  trans- 
posed upon  any  key  at  pleasure,  whatever  need  there  might  be 
for  it ;  but  must  be  tied  down  to  a  very  few.  And  if  this  method 
could  cure,  in  any  measure,  the  errors  of  the  fif^,  yet  it  would 
not  at  dl  mend  those  of  the  thirds,  which  are  fitr  greater.  And 
if  any  one  third  should  happen  to  be  bettered,  it  is  certain  that 
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Some  that  like  not  the  eqtuhunnonic  or  isotonic  tcak^  above  de- 
scribed, would  compose  a  scale  of  several  sorts  of  tones  and  semiJ 
tones,  as  iVj  ^nd  V-,  i^,  /s,  he.  but  vvhtit  end  can  tbii 
answer?  it  is  very  easy  to  shew,  that  if  some  cords  nnay  he  take-* 
perfect,  others  will  be  miserably  bad,  and  degenerate  into  discords; 
But  this  scheme  seems  to  be  built  only  upon  the  considerMioo  of 
abstract  numbers ;  for  it  regards  only  this,  how  to  make  several 
fractional  quantities  resolve  themselves  into  others  more  sirnpie, 
multiplication ;  Vrhich  is  a  linog  of  no  manner  of  use  in  tnusic^ 

Others,  to  avoid  the  badness  of  the  cords  whicli  fall  in  some 
places,  h^ive  invented  quarter  notes ;  which  makes  the  music  ejc- 
tremely  hard  to  play ;  and  is,  besideii,  far  from  answering  I  be  end 
proposed »  Thertfore,  upon  the  whole,  I  cannot  but  think  th 
scale  above  described  lo  be  the  best  for  practice.  For  so  sm-' 
an  error  as  rh  t^f  a  note  in  a  ftftbj  and  every  where  the  saro 
cannot  be  sensible,  or  do  much  hurt  lo  the  mu^ic.  And  I  will 
venture  to  say,  that  d^e  very  alteration  of  the  weather,  in  24  hours* 
time,  by  heat  or  cold,  droogbt  or  moisture,  will  have  such  an 
effect  upon  either  strings  or  pipes,  as  to  cause  a  greater  difference 
than  this  amounts  to-  There  are  imperfections  in  every  thin^, 
which  we  cannot  quite  take  away;  all  we  can  doj  is  to  make 
them  as  tittle  as  possible. 

More  examples  of  the  constructions  of  engines  might  here  be 
added.  But  as  there  is  such  an  inBnite  variety  in  the  world,  it 
would  be  an  endless  lask  to  describe  all  the  kinds  of  them. 
Hierefore  I  .think  it  needless  to  produce  any  more,  especially^ 
since  their  construction  and  use  depend  upon  the  same  principles 
as  these  already  described.  And  if  the  reader  does  but  tho- 
roughly understand  the  powers  and  forces  of  these  before  men- 
tioned, he  cannot  be  at  a  loss  to  lind  out  the  powers^  forces,  or 
motions,  of  any  other  machine,  iliougli  never  so  compounded. 


AN 

ALPHABETICAL  INDEX 
OF  THE  TERMS  USED  IN  MECHANICS. 


A. 

AIR  PUMP,  a  machine  to  draw  the  air  out  of  a  glaai.   Fig,  1 . 
PLJU. 

J^uta^e,  the  spout  for  9.  jet  cPeau  in  a  fountain. 
AmpUtude,  the  distance  a  ball  is  shot  to. 

Anemoscope^  a  machine  for  shewing  the  point  of  this  wind.  See 
%  2.  PL  XL. 

Angu  of  application,  is  the  angle  which  the  line  of  direction  of  a 

power  makes  with  the  lever  it  acts  upon. 
 of  inclinaiion,  is  the  angle  an  inclined  plane  makes  with  the 

horizon. 

<—  qf  tract  ion,  the  angle  which  the  direc^n  of  a  power  makes 

with  an  inclined  plane. 
Aqueduct,  an  artificial  river,  or  tube  to  convey  water. 
Arbor,  the  axle  or  spindle  of  a  wheel.    F^.  4,  ef.  PL  XVHI. 

s  '  ■  ' 
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Archy  a  hollow  wall  made  of  a  circular  form^  to  support  ; 
building. 

Artometer,  an  instrument  to  measure  the  weight  of  liquors. 
Arm,  any  piece  of  timber  or  metal,  that  projects  horizontally  fi 

some  part  of  a  machine. 
Asky  or  Axis,  the  line  or  sinndle  about  which  a  wheel  turns  rou 

^.  4.  p/.xvm. 

Axis  in  peritrochio,  a  machine  for  raising  weights,  consisting  o 
ndieel,  fixed  upon  a  cylinder  for  its  axis.    Fig.  3.  FL  III. 

B. 

Balanccy  a  machine  to  wekh  bodies  in :  one  of  the  mecha 

powers.   Fig.  6.  PL  XVfil. 
Bakmce  whed,  the  fly  or  pendulum  of  a  watch. 
Saram^ferf  a  machine  to  shew  the  weight  of  the  air  or  atmosphc 

See  JF%.  4.  Pi.  XXVI. 
BaroKt^  the  tUne  as  barometer :  a  weather-glass. 
Barrel  of  iiwhetl^  is  the  dxle^  or  cylindridil  body,  about  wh 

the  rope  goes. 

 of  a  pumpf  is  the  hollow  part  of  the  pump  where 

piston  worlu. 

Barry,  straight  pieces  of  timber  or  metal,  that  run  cross  from  c 

part  of  a  machine  to  another. 
Baacy  ^e  fogt  pf  a  pillar. 
Banl,  that  angle  the  edge  of  a  tool  is  ground  to. 
BatteOj  a  piece  of  timber  three  or  four  inches  broad,  and  an  it 

thick. 

To  Baiter,  to  lean  backward. 
Bauky  a  long  piece  of  timber. 

Beak,  the  crooked  end  of  a  piece  of  iron,  to  hold  any  thing  fiisi 
Jjfiflt?!,  a  laige  piece  of  limber  lying  across  any  place. 
Beethy  a  wopden  instrumentf  or  mallet^  fordrivinc^  piles* 


BXPLANATIOK  OF  TERMS;  249 


Butments,  those  supports  on  whidi  the  feet  of  arches  stand.;  . . 
Buttress,  a  piece  of  strong  wall  that  stands  on  tiie  owttide  c(F 
another  wall  to  support  it    •  .         ..  . 

C.       ;  • 

Capstan,  a  machine  on  board  a  ship,  to  hoist  the  masts,  or  raise 

any  weight.   J%.  2.  P/.  XXXVIL 
Cascade,  a  fall  of  water. 

Cataract,  is  a  precipice,  or  violent  fell  of  water  in  a  rivery  throqgh 
high  rocks,  causing  the  water  t6  fall  with  a  great  noise  and-' 
foi:ce.  ♦  .0 

Catch, '  some  small  part  of  a  machine ;  whidi,  in<  its  motion,' 
hooks  or  lays  hold  of  soine  other  .part  to  stop  it.  - 

Centre  of  motion,  the  p6tnt  about  whidb  a  body  moves. 

 cf  gravity,  the  point  upon  which  a  body  being  suspended, 

it  will  rest  in  any  position.  . 
— rr  of  magnitude,  a  point  equidistant  from  the  opposite 'ex<< 
tremes  of  a  body.   The  middle.  »  .  .  . 

  of  p^cussion,  the  point  of  a  vibrating  body  that  gives  the 

greatest  stroke. 

Centre  pin,  a  pin  about  which,  as  a  centre,  a  11>ody  moves.  •  ' 
Cham  pump,  a  pump  having  several  buckets  fixed  to  an  endless 

chain,  which  goes  through  it,  and  is  moved  round  upon  an  axle. 

f%;3.  PA  XL.  ?  • 

Chaps,  two  sides  of  a  machine  which  take  hold  of  any  thing.  . 
Cheeh,  two  upright  parts  of  a  machine,  anflew^ring  to  one  another 

in  position  and  use.  ..  j  , , 

CAronoscope,  a  pendulum  to  iDoeasure  tinie.       '       r  .  V. 
Clack,  a  sort  of  valve  which  is  flat,  like  a  board ;  serving  to  wtiop 

a  fluid  from  running  iDut.    Fig,  2.  Pi.  XLVII.  T.  a  Hlpw 
Clampt,  when  the  edges  of  two  pieces  of  boards  are  joined  16^ 

getheiv  so  as  the  gi^in  of  one  may  lie  cro^^  the  frain  "oi  ihk 

other; 

Clasp,  a  sort  of  buckle  to  fasten  any  thing. 

Clasp  haUs,  those  with  little  heads  to  sink  into  the  Wood. 

Claws,  slender  crooked  pieces  of  metal- in  a  machine,'  which  serve 

fo  move  or  hold  any  thing.   Loiig  teeth. 
To  Clench  or  clinch,  to  double  ba^k  the  end  of  a  nail,  that  it  may 

not  draw  out  again.   To  rivet 
Clench  nails,  nails  that  may  be  clinched. 

Cock,  a  brass  spout  to  let  ^  flhid  rub  out,  or  st6p  it  by  turning,  •. 
Cogs,  the  wooden  teeth  of  a  gt^at  wheel.  •  Fig.  i.  PL  XUI.  E. 
Cogwheel,  a  large  wheel?  made  of -'timber,  where  the  teeth  staiid 

perpendicular  to  the  pUtne  of  the  wheel.  ■  fl^.  1.  PL  XUI.  £. 
Collar,  a  ring  of  metal '^thaf  goes  abont -any  tlnngt,-  near  the  top, 

in  which  it  turns  round. 
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Cclmrni,  the  abaft  or  trutik  of  a  pillar. 
Contrate^^kftlf  a  wheel  in  a  clocks  where  the  teeth  are  parallel  10 

the  axis,  and  stand  on  the  under  side  of  the  rim,  and  the  same 

as  shewn  at       2.  PL  XX. 
Corbel^  a  piece  of  timber,  or  stone,  set  under  another  piece,  to 

diadiaige  the  weight. 
Crab,  a  small  capstan  with  three  clawa,  to  be  placed  on  the 

ground y  rnoveable  from  one  plane  to  another.   This    called  a 

flying  capstan. 

Cnme^  a  machine  for  hoisting  goods  out  of  a  shipj  or  for  raiaii^g 

timber  or  slone.    Fig.  2.  FL  XXIX. 
Crmkj  that  part  of  an  iron  axis  which  \s  turned  square  with  an 

elbow.    Fig.  2.  Fl.  XXXn.  I  L 
CrtJM-^rie,  a  horizontal  beam  fixed  across  another. 
CrotPj  a  strong  square  bar  of  iron,  forked  at  the  end,  to  remove 

heavy  timber,  fitc.  by  using  it  wiih  the  hands.  ' 
Crmtm-whcel,  in  a  dock  or  watch,  if  that  next  the  balance ;  its  teeth 

stand  in  the  upper  side  of  the  rim,  and  not  in  the  edge.  Fig.  3. 

Fl.  XVI.  FG. 

Ctqwi^f  a  hollow  arched  tower,  in  form  of  a  hemisphere,  or  of  a 
bowl  turned  upside  down. 

D. 

Densitif,  is  a  greater  or  less  quantitj  of  matter  contained  in  a 
given  space. 

Detmtit  are  those  stops,  which,  being  lifled  up,  the  clock  strikes ; 

and  faliiog  down,  she  stops. 
Dog  nails f  naili  used  for  fastening  hinges* 
Dome,  a  round  vauUed  roof  or  tower.    A  cupola. 
Dormant^  a  great  beam  lying  cro?s  a  house.    A  summer. 
Dormer ,  a  window  in  the  roof  of  a  house* 

Dtme-taUingf  letting  one  piece  of  limber  into  another,  with  a 
joint  in  form  of  a  clovers  tail,  being  broader  at  the  end,  that  it 
may  not  draw  out  again. 

Drmif  tite  lantern  or  tmndLe,  which  is  carried  by  a  great  whe^U 
Fig.  1.  FL  XLVI.  EF. 

Drum  hmdf  a  timhet  head,  or  lump  of  timber,  In  form  of  a  drum. 

E. 

Edgingj  the  outside  or  border, 

Ermei$  chainj  a  chain  with  the  ends  joined  together;  by  which 

any  part  of  a  machine  is  ivrought, 
Endksi  screw,  a  screw  working  in  the  teeth  of  a  wheel ;  which 

may  be  turned  about  for  ever.    Fig.  1.  FL  XX, 
F}ngimf  a  mechanical  instrument  composed  of  wheels,  levers, 

screws,  kc. 
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EoUpyU,  a  hollow  globe  of  metal,  filled  withwater,  and  put  in 

toe  fire ;  the  heat  and  vapour  rashes  out  at  a  small  holie,  with 

a  great  noise.    Fig.  3.  PI  XLV. 
JEqi^ibrium,  the  equality  of  weight,  of  two  or  more  bodies^  &c. 

keeping  one  another  at  rest 

a  hole  in  some  part  of  a  machine,  through  which  any  diing 

ii  put. 

F. 

Fate^  the  foot  or  foreside  of  a  machine,  or  of  some  principal  part 
of  it. 

Fang,  some  smaH  piece  of  metal  like  a  long  tooth,  that  by  its 

motion  moves  some  other  part. 
FeUiei,  pieces  of  wood  on  the  outside  of  a  wheel,  which  make  the 

rim. 

Ferrilf  .9,  sort  of  hoop. 

^^bats,  the  fiat  boards  set  perpendicylar  on  the  edge  of  a  water- 

wheel;  by  which  the  water  drives  the  wheel  about.  Fig.  1. 

P/.  XXXII.  D,  D. 
J^,  thaf  part  in  a  cloclr,  &c.  that  regulates  the  motion,  and  makes 

it  uniform.    Figures  5,  6,  7.  PL  XVI. 
Farce,  any  thing  that  acts  upon  a  body  to  put  it  in  motion. 
Force  pump,  a  pump  that  discharges  water  by  pressing  it  upwards. 

Figures  !  and  2.  PL  XtVm 
Frame,  the  outwork  of  any  machine,  or  what  holds  all  the  rest 

together. 
F^ee,  dear  of  all  impediment 

FHption,  the  resistance  tiiat  bodies  have  by  rubbing  against  one 
another. 

Fulcrum,  that  which  supports  a  lever  in  moving  any  heavy  body. 

G. 

Gain,  the  levelling  shoulder  of  a  joist  or  other  timber. 

Gin,  a  machine  to  raise  great  weights.   Fig,  1.  PL  XUI.  . 

Oiiimty,  the  \rei^  of 

— - —  specific,  by  this  one  body  weighs  more  or  less  than  another 
of  the  same  bulk.    '  : 

 relative,  is  the  weight  of  a  body  in  a  fiuid,  or  on  an  in- 
clined plane. 

Groove,  a  channel  c^t  in  wood  or  stone.  / 
Gtufgeons,  the  eyes  iii  ' the  stem  of  a  ship,  on  which  the  rudder 

hangs.  The  centre  pins  of  an  axle. 
Gyration,  a  whirling  round. 

Hand,  an  index  or  pomter. 
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HandUy  the  part  of  an  instrument  to  lake  hold  on  with  the  han 
Batld^pUce,  a  wooden  lever  to  be  used  with  the  hand,  in  mov: 

anything. 
Head,  the  top  part  of  any  ihiag.  - 
Hem,  the  edge  of  some  cloth  turned  down  and  sewed. 
Hinge,  an  iron  joix^t  ott  which,  a  door  turns,  &c. 
To  lUtch,  to  catch  hold  on,  with  a  hook  or  turn  of  a  rope. 
To  Hoite,  or  hoUt,  to  heave  up,  or  raise  by  force. 
Hook  pins,  taper  iron  pins  with  a  hook  head,  by  which  they  ; 
struck  out- again.   They  serve  to  pin  the  frame  of  a  roof 
^floor  together^  till  wrought  off. 

p,  a  circular  ring  to  put  about  any  thing,  to  keep  it  fast. 
^'x8,  the  art  of  making  engines  for  water  works. 
^ter,  an  instroment'to  measure  the  density  of  fluids.  Fig 
'Fl  XLVII. 

Hydrostatics,  a  science  teaching  the  weights,  pressures,  motio 

and  projp^es  of  fluids. 
Ifydtottatieai  balance,  an  instrument  for  flnding  the  specific  g 

vity  of  bodies. 

A/Sgnwie^er,  >an  instrument  for  measuring  the  moisture  and  d 
Hygrosccpe,  S    neas  of  the  air.    JVg.  4.  P/.  XLV. 

.  .1. 

Jack,  an  engine  to  lift  up  a  loaded  cart,  or  the  roof  of  a  house,  I 
See  Fig,  1.  Fl  XXaVIII.  Also  an  engine  to  roast  me 
Fig.  1.  Fl  XUII. 

Jack  jpwnp,  a  chain  pump. 

Jaums,  door  posts,  or  window  posts,  &c. 

Jet  d^eau,  the  pipe  of  a  fountain,  which  spouts  up  vrater  ii 
the  air.   Fig,  1.  FL  LVII. 

ImpetWy  any  blow  or  force  wherewith  one  body  strikes  or  impi 
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Latchy  tiiat  which  ^i^tis  a  dpouiui. .  A  inech 
Leaver,  or  2ever^  a  bar  of  iron  or  wood  to  raise  a  weight:  one  .of 
.  thriaec^tfuuctpowenU.  .     .  d     ?  ;       >  ; 
LeaveSf  the  teeth  of  a  pinion.    Fiff,  4.  P/.  XVIII.  c  e.  c 
Xe(^e,  a  flat  bordier»  or  plain^  adjoihing  to  a  thing. 
JLeve^  an  instrument  to  place  any  ithioghoriiBont^ 
lanch  pin,  a  pin  that  keepaA^  wheel  from  coming  off  its  axle, 
ir^  a  thud  edge  tcute^  hollow. 

Loopy  a  piece  of  metal  having  a  hole  in  the  end>  which  goes  over 
lK>metJuog.   A'neose  in  a  rope  that  will  slip.  .  .. 

.■  '  .ic  -  '  M. 
Machine,  a  medianicaT'institun^nt  f6r  moving  bodies. 
Mechanics,  a  science  that  peaches  the  princ^le^  of  motion,  and 

construction  of  engihes^  to  move  greab  weights. 
Mechanic powen,  are  these  six;  the  bakuce, lever^  wheel,  pulley^ 

screw,  and  wedge  :  and,  according  to  some,  the  inclined  plane. 
Mitre,  an  angle  of  45  degrees,  or  hauiP a  right  one.  Axihetfwitrt 

is  a  quarter  of  a  right  angle. 
Momentum,  quantity  of  motion ;  or  the  force  or  power  a  body  in 

motion  has  to  move  another. 
Mortise,  a  square  hole  cut  in  a  piece  of  stuff,  to  receive  the 

tennant. 

Motion,  is  the  successive  change  of  place  of  a  body ;  or  its  pass- 
ing from  one  place  to  another. 

Momng  force,  any  active  force  or  power  that  moves  a  body. 

Mouth,  the  part  or  parts  of  a  machine,  that  take  hold  of  any  thing. 
The  entrance  into  any  cavity. 

N.  •  ■  ■  '        "  ■  ■' 

Nave,  or  Naf,  the  block  in  the  middle  of  a  wheel. 
Neck,  a  part  near  the  end,  cut  small. 
Notch,  a  dent,  nick,  or  slit,  made  in  any  thing. 
Nta,  the  pinion  of  a  wheel.    Fig.  4.  PI.  XVIII.  AB.  A  small 
piece  of  metal  going  upon  the  end  of  a  screw  nail. 

O. 

Oscillation,  the  vibration  ox  swinging  of  a  pendulum. 

P.  _ 

Paddles,  a  sort  of  oars.  The  laddie  boards  on  the  edge  of  a 
water-wheel.  ,        .  r 

Pedestal,  the  base  or  bottom  of  a  pillar.. 
Peers,  or  Piers,  a  sortof  -buttretsesi  for  8upp<»rt  and  strength. 
Pi^,  a  pm  U>go  into  a  fade. 
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FaMwii,  a  weight  hmiR  by  a  string  or  wixe,  swinging  badL  a 

forwaidy  to  nfeasuire  time. 
Fenttockf  the  sluice  or  door,  that  opens  or  Auts  the  passage  of  l 

water  to  a  water-wHeel: 
Percuttiany  the  striking  of  one  body  against  another. 
Pestle^  A  long  piece  ol  wood  or  metal/ wbidi  rises  up  and 

dowioi  again  to  beat  or  bruise  something* 
PeveiSf  or  Pivots^  the  ends  of  the  spindle  of  the  ndieel  in  a  cb 

or  any  madiine,  which  play  in  the 
Pevei  koUty  the  holes  in  which  the  ends  of  a  spindle  or  aade  oi 

wheel  torn.   Fi0.  4.  PL  XVm.  e,f. 
Pieketf  a  stake  pointed  with  iron,  to  drive  into  the  ground. 
PittaTf  a  perpendicular  column^  supporting  one  end  of  an  ar 

&c. 

Pinion^  a  little  wheel  at  one  end  of  the  spindle,  consisting  but 

a  few  leaves  or  teeth.   Fig.  4.  PL  XVUI.  AB. 
Fitton, ,  a  round  piece  of  w^,  moving  up  and  down  within  i 

body  of  a  pump,  to  draw  up  the  water. 
Pfafe,  a  piece  of  timber,  on  which  some  heavy  work  is  framed, 

waU-plate^&c.  ^A^atpieceof  metal. 
Pneumatkiy  a  science  teaching  the  properties  of  the  air. 
Pokf  a  long  staff,  or  slender  piece  of  wood. 
Poit,  a  perpendicular  or  upright  beam  of  wood. 
PoMMT,  the  force  applied  to  an  engine  to  raise  any  weight 
anr  force  acting  upon  a  body  to  move  it. 


FrofecHleSf  balls  or  any  heavy  body  thrown  into  the  air. 
IVop,  a  stay  or  support  for  any  thing,  to  bear  it  up. 
PuMry,  a  small  wneel  with  a  channel  in  the  edge  of  it,  movi 
about  an  axis  fixed  in  a  block ;  the  channel  is  to  receive 
^*  fOfM  or  iMn  llial  goes  0ver  it<  Otat^tbemedtiaiucpowf 
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RibSf  slendier  pieces  of  timber^  sennng  for  strength  and'  sfipporti 
BMj^UtSj  little  flat,  thin,  square  pieces  of  wood. 
JUnty  ihe  drcular  part  or  outside  of  a  whefel. 
Tb  Rivet,  to  batter  down  the  end  of  a  nail,  that  it  draw  not  out 
again. 

Hotf,  a'  long  slender  piece  of  wood  or  metal. 

MbU,  or  rolleTy  an  engine  turned  by  a  handle,  to  raise  weights. 

J^.l.P/.  XXXVI. 
Rcnmds,  the  staves  or  spindles  in  a  lantern,  against  which  the 

teeth  of  a  great  wheel  work.   Fig.  1.  PL  XLVI.  c,  c.  The 

steps  in  a  ladder,  &c. 
Ruler,  a  thin  straight  piece  of  wood^  metal,  or  ivory,  for  drawing 

'  strsdght  lines. 
JRarngs,  spindles  or  rounds.   I^.  1.  FL  XLVI.  c,  c. 
Runner,  a  flat  circular  ring,  between  the  nave  and  Unpin  of  a 

wheel,  called  also  a  washer.   Also  a  sort  of  rope  on  board  a ' 

ship,  to  hoist  with. 


Sails,  large  pieces  of  caniras,  by  which  ships,  windmills,  &c.  are 

carried,  by  help  of  the  wind. 
Scantlin,  stuff  cut  to  a  proper  size. 

Screw,  one  of  the  mechanic  powers.  The  tap  with  die  thread' 
is  the  male  screw,  the  hollow  that  receives  it  is  the  female  screw. 

iScri&tiuf,  drawing  an  irregular  line  upon  one  piece  of  stuff  pa« 
rallel  to  the  irregular  side  of  another,  with  a  pair  of  compasses 
opened  to  a  due  distance,  and  carried  along  the  side  of  it.  Then 
the  wood  in  the  first  piece  being  cut  away,  these  two  pieces  will 
fit  each  other. 

To  Seiaze,  to  bind  or  fiusten  a  rope,  &c. 

S/ktft  or  shank,  any  long  part  of  an  instrument,  especially  that ' 

which  is  held  with  the  hands. 
Sheers,  two  poles  set  up  an  end  sloping,  and  tied  together  at  top, 

and  secured  by  a  rope  from  fallmg.   Their  use  is  to  raise  any 

weight  by  help  of  a  block  and  tackle  at  top. 
Sheevers  or  shieves,  pullies,  the  little  wheels  that  run  in .  blocks, 

by  a  rope  going  over  them. 
I^if,  a  board,  &c.  fixed  horizontally. 

Shcilder,  a  part  of  timber  or  metal,  cut  thicker  than  the  rest,  in 

order  to  support  something. 
Shrouds,  the  leages  on  the  iedge  of  a  guttered  wheel. 
SiUsf  seUs,  or  grvundsiU^ -piecei  of  timber  that  lie  on  the  ground, 

into  which  others  are  nxed.   Sole  trees. 
Siphon,  a  crooked  glass  or  metal  tube,  for  drawing  off  liquors. 

Fig.  2.  FL  XXVI. 
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Skepenf  pieces  of  timber  laid  as  a  foundation  and  sopport : 

others  that  are  to  lie  upon  them. 
SUng$j  these  are  made  of  a  rope  splic'eid  with  an  eye  at  jeitl 

end,  to  go  over  acaskj  or  some  neavy  thing,  which  is  to 
'  hoisted. 

Snatch  blocks  a  great  block  with  a  sheever  in  it,  and  a  notch  < 
through  one  of  the  cheeks  of  it^  to  hitch  the  lope  into  1 
pulley,  for  readiness. 

Socket  J  a  hollow  piece  of  metal,  in  whiph  any  thing  moves. 

Sole,  the  bottom  of  the  gutter  or  chann^,  in  a  guttered  wheeL 

Sole  trecy  the  lowest  piece  of  timber  which  lies  flat  on  the  g^oui 
into  which  the  upper  works  are  framed.   The  groundsel. 

Sxauth  burton,  a  sort  of  tackle  to  hoist  goods,  like  Fig, 
PL  XXI. 

SpeoTy  a  Iqp^  pointed  iron,  or  piece  of  timber. 

Specific  grmfyf  is  that  whereby  one.  body  weighs  more  or  less  th 

another  of  the  same  magnitude. 
&tike,  a  pointed  iron,  or  piece  of  wood. 
Anndle,  the  axle  of  a  wheel.    Fig.  4.  FL  XVni.  ef, 
^ires,  the  turns  of  a  rope  about  a  cylinder  or  roller. 
To  Splice,  to  join  two  ropes  together  by  working  the  strands  ii 

one  another. 

i^pofcety  pieces  of  wood  running  from  the  centre  of    wheel  to  1 

circumference,  like  rays. 
iS^^,.an  instrument  made  of  stee^  that  being  bent,  it  con 

nually  exerts  a  great  force,  tl^t  it  may  unbend  itself  agai 

Springing  plates  are  sometimes  made  of  brass.  . 
SpuTf  a  sort  of  prop,  set.aslc^  to  thrust. 
Sfiurt,  long  wooden  teedi  standing  in  the  edge  of  a  large  timl 

wheel.    Fig.  2.  P/.  XIX.   a,  a,  a,    _    ,  ^ 
Spur  wheelf  a  wooden  wheel  whare  the  tiitfi'j&a3r&^Eim|| 
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Stroaks,  or  tirttiksy  the  iron  going  round  the  circumference  ^  oiMS 

riage  wheels^  also  called  me  tire. 
Study  a  knoby  or  little  button.   A  solid  piece  of  metal  fixed  to 

a  plate. 

Stuj^  any  wood  that  joiners  work  upon, 
Swwely  a  metal  ring  that  turns  about  imy  way. 
t^hon,  the  same  as  siphon.   A  crane.  Fig.  2.  PL  XXVL 
fringe,  an  instrument  for  injecting  liquors  into  any  place. 

T. 

Tackles,  blocks  with  pullies  and  ropes  in  them,  to  heave  up  goods. 
IHgttres  2y  3,  4.  PL  XXI.   The  rope  we  pull  by  is  called  the 

Tackk'falL 

Tenon,  the  square  end  of  a  piece  of  wood,  made  to  fit  into  a 
mortise  hole. 

Thermometer,  \  an  instrument  to  shew  the  degrees  of  heat  and 

Thermoscope,    1    cold.  Fig,  4.  PL  XLVII. 

Thread,  the  spiral  ridge  that  goes  winding  round  a  screw. 

Thrust,  the  action  against  a  body  to  push  it  forward. 

Tight,  stiff,  close. 

Tonmie,  a  thin  slender  piece  of  metal  or  wood  in  a  machine. 
Tool,-^  instrument  to  work  with. 

Tooth,  the  indented  part  on  the  edge  of  a  wheel  that  moves  some 
other  wheel.   Or  what  serves  to  cut,  or  take  hold  on. 

Transom,  an  overthwart  beam  in  a  building. 

Triangle,  an  engine  standing  on  three  legs,  to  raise  weights  with. 
jF%.  1.  PL  XXI. 

Trundle,  the  part  which  is  carried  about  by  the  teeth  of  a  wooden 
wheel.   The  lantern  or  drum.    Fig,  1.  PL  XLVI.  EF. 

Trunk,  a  hollow  tube  or  box. 

Tumbler,  a  part  in  a  machine  that  rolls  about  upon  an  axis^  and 
plays  back  and  forward. 

Tumlrel,  a  roller,  or  cylindrical  beam  of  wood. 

Tympanum,  a  kind  of  wheel  placed  on  an  axle,  and  has  staves 
or  rounds  instead  of  teeth,  and  is  carried  about  by  a  great 
wooden  wheel.   A  trundle  or  drum.    Fig,  1.  PL  XLVI.  EF. 

V. 

Valve,  a  piece  of  wood,  &c.  so  fitted  into  a  hole,  that  it  opens  and 
lets  a  fluid  pass  through  one  way ;  and  shuts  and  stops  it  the 
other.  Fig.  2.  PL  XLVII.  V.  W.  A  sucking  valve,  is  that 
where  the  water  follows  the  piston.  A  forcing  valve  when  it  is 
driven  through  before  it. 

Vane,  a  sail,  or  fan,  generally  to  show  the  point  of  the  wind. 

Velocity,  an  affection  of  motion,  and  is  that  by  which  a  body 
passes  over  a  certain  space  in  a  given  titne.  Swiftuess,  or 
celerity. 
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Vibration^  the  moving  or  swinging  of  a  pendulum  l>ack  and  forwa 
Fit  mertisy  a  property  of  body,  by  which  it  resists  any  impress 
force,  and  endeavours  to  continue  in  the  same  state. 
W. 

WaUawer,  a  trundle  upon  a  horizontal  axis.  Fig»  1.  FL  XLII. 
Waterpoiaef  an  instrument  to  try  the  strength  of  liquors.   A  I 
drometer. 

Webf  the  thin  broad  part  of  an  instrument,  as  the  web  of  a  key, 
Wedgey  an  instrument  to  cleave  wood.   One  of  the  mechai 
powers. 

Weighty  the  tf!ndency  of  bodies  downward.  The  matter  raised 
an  engine. 

Wheely  a  machine  consisting  of  an  axis  and  a  circular  rim,  wi 

teeth  in  it,  and  then  it  is  called  a  toothed  wheel. 

■■      imoothy  a  wheel  without  teeth,  turned  by  a  rope. 
Wheel  and  axle,  a  machine  to  raise  weights.   One  of  the  mechai 

powers.         3.  PL  III. 
IPtficA,  an  inatnunent  with  a  crooked  handle,  to  turn  any  thii 

about  with. 
Wmdery  a  winch  or  handle  to  wind  about. 
WmdloiSy  a  machine  to  raise  great  weights.   On  board  a  ship, 

serves  to  hoist  the  anchor.   It  is  an  horizontal  roller,  tum< 

round  by  handspikes. 
WindmiUy  a  mill  to  grind  com,  moved  by  the  wind.   Fig.  1.  J 

XLVI. 

Wing,  a  thin  broad  part  that  covers  something,  or  hangs  over 
Auo  what  hdpe  to  give  due  motion  to  any  thing,  as  the  ham 
in  a  water  wheel,  a  part  of  a  sail,  &c. 

Wormy  a  spiiai  thread  running  round  a  cylinder,  forming  a  sort 
screw. 
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OF  THE  PRINCIPAL  MACHINES  DESCRIBED  IN 
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Air  Pump,  Fig.  1.  PL  LII. 

Arch  for  bridges,  Fig,  1,  2,  3,  to  5.  PL  LXXI. 

Artificial  fountaiDS,  ^tf .  1.  PL  XLIII.,  Fig,  2  and  3.  PL  LVI., 

and  Fig,  \,  PL  LVIL 
Axis  in  peritrochio.  Fig.  3.  PL  III. 
Barometer,  Fig  4.  PL  XXVI. 
Bellows,  Fig.  3.  PL  XXXVI. 

 by  water,  Fig.  1.  P/.  XXXIII.  and  jFfe.^l.  PL  XXXIV. 

Blowing  wheel,        1.  Pi.  LVI. 

Boats,  f  Mf.  1  and  2.  P/.  XXII. 

Bobgin,  f^^  1.  PL  LX. 

Carts,       3  and  4.  P/.  XXII. 

Cheese-press,  Fig.  9.  PA  XVIII. 

Clock,  Fig.  1.  PI  lXVl.9md  F6g.  1.  Pi.  LXVII. 
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Coal^rin,  Fig.  2.  PL  XXXVIII.  and  Fig.  1.  PL  XLII. 
Crab,  or  capstan.  Fig.  2.  PL  XXXVII. 
Cnme,  Fig.  2.  PL  XIX.  and  Fig.  1.  PL  XX. 

 compound,  Fig.  1.  PL  iSlI. 

Cutting  engine,  %.  1.  PL  LXVIII. 
Endless  screw,  Fig.  1.  PLV.  and  J)^.  1.  PL  XX. 
Engine  to  make  a  liammer  strike.  Fig.  1.  PL  XXXI. 
 to  quench  fire.  Fig.  t.PLL. 

 for  iron  works,  F^.  1.  P/.XXXI.  and  Fig.l.  PL  XXXH. 

 to  shew  the  wind.  Fig.  2.  PL  XL. 

 for  drawing  water,       1.  PL  LXIII. 

 at  London  Bridge,  Fu;.  1.  PL  LIV. 

EolipQe,  Jfe.  3.  P/.  XLV. 

Fire  enginefor coal-pits.  Fig.  1.  PL  XLIX.  and  P^.  1.  P/.  LIX. 

Glazier's  Tioe,  Fig.  2.  PL  lAlX. 

Gunpowder  mill,  JW.  1.  PL  LXI. 

Horse-mill,  JF^.  2.  PZ.  LVIIL 

Hydrometer,  %.  8.  P/.  XLVIL 

HydioflrtUic  bel&ws.  Fig.  2.  P/.  XLIII. 

Hygroscope,  Fig.  4.  P/.  XLV. 

Jadk  for  roasting  meat.  Fig*  1.  PL  XLIII, 

 for  raising  weights.  Fig.  1.  PL  XXXVIII. 

Lifting  stock.  Fig.  2.  PL  UX. 
Mouse-traps,  Fig.  1  and  2.  PL  XLV. 
Organ,  Jfe.l.  ft.  LXXm. 
Pile  engines,  Fig.  1.  P/.  XXXV.  and  Fig.  1.  P/.  LV. 
PulUes  and  tacUes,  Fig.  7.  P/.  IV.,  Fig.  4.  P/.  XXVUI.,  Fig.  3. 
P/  XXXII. 

Pum^  Fig.  2.  P/.  XXm.,       2.  P/.  XXXU.,  and  J%.  1  and  2. 

pOxvii. 

Rag-pump,  Fig^  3.  P/  XL. 
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Tantalus'  cup.  Fig.  7.  PL  XXVI. 

Thermometer,  Fig,  4.  PL  XLVII. 

Triangle  and  sheers,  .F^.  1.  PL  XXI. 

Twisting-mill,  Fig,  1 .  PL  LXI V. 

Waggons,  Fig,\.  PL  XXV.  and  Fig.  1. PL  XXVI. 

Walk-mill,  Fig.t.PLXU. 

Water-mills,  F^.  1.  PL  XLIV.,  Fig.  2.  PL  LV,  and  F^.  1.  PL 
LXX. 

Water-screw,  Fig.  2,  PL  XLVIII. 
Weighing  engine,  Fig,  1.  PL  LXXII. 
Wind-miU,  Fig,  1.  Pl  XXHI.  and  f%.  1.  PL  XLVT. 
 small,  Fig.  1.  PL  XL, 
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NOTES,  ILLUSTRATIONS,  AND  OBSERVATIONS, 
EXPLANATORY  AND  FAMILIAR, 


Defimthn  8,  {page  2^)  Qumiiitf  of  Motmut  or  Mmicntim, — 
Thus,  we  say  that  a  hamn^er  strikes  with  a  cereain  force,  which 
force  evidently  depends  on  the  weight  of  the  hammer,  and  the 
velocity  with  which  we  strike  the  blow ;  for  a  light  hammer  will 
not  strike  so  hard  as  a  h(?avy  one,  nor  a  slow  stroke  be  as  effec- 
tive as  a  quick  ooe.  Thus  the  quantity  of  motion  (or  tlie  momen- 
tum) must  depend  upon  the  quantity  of  matter^  (that  is,  the  weight 
of  the  hammer,)  aod  the  velocity  or  quickness  with  which  we 
strike,  jointly ;  that  is,  in  estimating  the  force  of  a  blow,  we  must 
take  into  account  both  the  weight  of  the  body  and  quitkuess  of 
the  stroke. 

Drf,  9.  {page  2,)  Vis  Inertia. — Thus,  a  block  of  wood  or  stone 
laid  on  the  ground »  would  remain  there  without  motion  for  ever^ 
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were  it  not  moved  by  force,  which  is  applied  by  some 
power  not  seated  in  the  body  itself ;  or,  if  a  cannc 
were  shot  in  any  given  direction,  it  would  for  ever  move 
direction,  were  it  not  affected  by  the  gravity  of  the  earth,  v< 
continually  endeavouring  to  draw  it  downvirards ;  thus,  y 
term  the  vis  inertiae  of  bodies  to  be  a  propensity  in  all 
either  to  remain  at  rest,  if  not  acted  on  by  any  other  bod 
acted  on  by  any  force,  to  obey  that  force  impressed  on  it ; 
a  certain  sliigffish  quality  of  bodies,  which  .implicitly  olx 
force  impressra  on  tqem ;  or,  if  no  force  is  applied,  th^  wo 
ever  remain  at  rest. 

Dtf,  22.  Mechanical  powers, — The  writers  on  mechanic 
to  differ  with  regasd  to  the  number  of  mechanical  powers 
reducing  them  to  three,  while  others  number  them  at  se^ 
foUovirs : — the  lever,  the  wheel  and  aais,  the  pulley,  the  sen 
inclined  plane,  the  wedge,  and  the  fumcuJlar  machine,  (or  coi 
tion  of  ropes,)  which  hereafter  I  will  take  an  opportunity 
scribe,  ana  to  which  OQr  author  adds  another  power,  by  thi 
nition,  viz.  the  balance,  which  is  endently  an  oversight, 
balance  is  nothing  but  a  lever,  whose  brachia  or  arms  are  ol 
length.  Now,  we  may,  vnth  great  propriety,  I  think,  redi 
number  of  simple  mechanical  powers  to  three,  viz.  the  few. 
puUey,  and  the  inclined  plane,  for  all  the  properties  of  the  a> 
wheel  depend  upon  the  principle  of  the  lever,  and  the  c 
ference  of  the  wheel  and  axis  is  but  a  continued  series  of 
In  like  manner,  the  screw  is  but  an  inclined  plane,  wound 
a  cylinder,  and  the  wedge  but  two  inclined  planes  joined  toj 
the  properties  of  which  may  be  iall  demonstrated  by  the  pro] 
of  the  inclined  plane  itself ;  in  fact,  the  screw  is  a  compouc 
^ue^  made  up  tff  iha  lever  jiud  inciinttl  plnijc,  fc>r  the  force 
19  emploveci  to  lurji  \W.  -.cm.'w     ti^id*  riilv  a  lo^^jr,  \^]iile  tbe 


NOTES. 


265 


anvil,  for  it  will  re-bound  from  the  stroke,  shewing  that  a  re- 
action has  taken  place,  and  in  a  contrary  direction  to  the  stroke 
impressed ;  and  if  the  anvil  and  hammer  were  perfectly  elastic 
bodies,  the  re-bound  or  re-action  would  be  with  a  force  equal  to 
the  stroke  of  the  hammer.  In  the  theory  of  mechanics,  all  bodies 
^e  supposed  to  be  perfectly  elastic,  or  perfectly  solid,  or  non- 
elastic,  when  we  are  estimating  their  forces,  or  calculating  their 
effects  on  each  other. 

Axiom  2. — Thus,  if  two  men  pull  the  ends  of  a  rope  with  equal 
force,  the  men  wiU  both  remain  immoveable,  or  the  strength  of 
one  man  is  counteracted  by  the  strength  of  the  other. 

Prup.  3.  {page  6,)  Cor, — It  may,  perhaps,  be  not  amiss  to  ex- 
plain the  term  redprooaUy^  which  may  be  thus  shortly  and  femi- 
liarly  illustrated.  Suppose  a  caniage  travels  during  the  time  of 
one  hour,  for  instance ;  the  distance  or  space  it  has  moved  will  be 
according  to  the  velocity  of  its  motion ;  thus,  it  will  pass  over  a 
great  space  with  a  quick  velocity  in  the  given  time,  out  throush 
a  small  space,  with  a  slow  velocity  in  the  same  time :  thus,  if  me 
space  is  large,  the  velocity  must  be  quick,  and  if  the  space  is 
small,  the  velocity  must  be  slow  in  proportion.  Thus,  if  a  car- 
riage travel  with  a  velocity  of  six  miles  per  hour,  for  the  space  of 
60  miles,  the  time  it  will  be  performing  the  whole  journey  will  be 

60 

10  hours,  that  is,  as  6  :  1  ::  60  :  10  or  60  =  10  x  6,  or  10  =  — 

o 

that  is,  the  time  is  as  the  space  divided  by  the  velocity. 

Prop,  4.  Cor,  {page  6.) — ^That  is,  if  S  represent  the  space,  F  the 
force,  T  the  time,  and  M  the  quantity  of  matter,  we  shall  have  S 
FxT 

is  as        ,  See  the  third  equation,  Scholium,  Prop.  4. 

Frop,  7.  {page  10,  latter  part  of  Case  2.)  The  nf^ power, — ^As 
some  of  my  mechanical  readers  may  not  be  sufficiently  acquainted 
with  algebraic  notation,  to  comprehend  the  exact  meaning  of  this 
term,  I  will  endeavour  to  explain  it  as  shortly  as  possible.  The 
power  of  any  number  or  letter,  representing  any  number  or  quan- 
tity, is  algebraically  represented  by  the  index  or  little  figure,  set 
to  die  right  of  the  letter,  a  little  above  it,  and  shows  the  power  or 
number  of  times  the  letter  (representing  quantity  or  number)  is 
multiplied  into  itself:  thus.  A*  represents  the  square,  or,  as  it  is 
called  ihe  second  power  of  the  quantity  A.  A»  represents  the 
cube  or  third  power *of  the  letter  A ;  and  so  on  to  any  power  re- 
quired :  but  the  expression  A°  shews  generally  any  power  of  the 
letter  A,  which  the  letter  n  may  be  made  to  represent,  that  it  is  a 
general  expression  shewing  any  power  you  may  please.  And  thus 
we  see  by  the  expression  1  I  II  AB  :  Ab;  the  index  n  shews 
that  whatever  power  you  raise  t  to,  the  proportion  will  always 
be  the  same ;  tnus  generalizing  the  proposition. 
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Pnip.  8,  ipti^e  11^  Cor*  2S)—Aa  it  i:s  absoiiitely  necessary  the 
reader  ijhuuld  be  acquainted  with  the  tertjis  sine,  tangent,  &c.  the 
accompauyiug  dia^m  is  introduced,  la  expkiD,  as  familiarly  as 
possible,  these  terms.  Draw  any  circle  FDB,  {Fig.  1 ,  Pf.  A.)  and 
fi-oiu  the  centre  A  draw  any  line,  as  A  TC  and  from  B  draw  BC 
to  meet  ADC  and  perpeEdicuilar  to  ;  also  from  D  draw  DE 
perpendicular  to  AB,  and  draw  also  AG  perpendicular  to  AB, 
and  GI  and  DH  perpendicular  lo  OA,  and  we  shall  have  a  dia- 

fram  expknatory  of  all  the  terms  regarding  sines,  tangcuts,  vit. 
>B  13  an  arc  of  the  circle  which  measures  the  angle  DAB ;  DE 
u  the  sine  of  that  angle,  CB  the  tangent,  AB  the  radius,  AC  the 
secant,  DH  the  cosine,  10  the  cotangent,  I A  the  cosecant,  and 
EB  ihe  Tersed  sine  of  the  angle  DAB.  GD  is  called  the  compti- 
menl  of  the  arc  BD,  and  DF  the  suppliment  to  the  same  arc. 

Prtfp.  9.  Cor.  1  and  2,  {page  13,)  QTigle  qfivcid^nce  and  angle  of 
rtflection. —ThesG  are  terms  derived  from  optical  principles  ;  which 
are  foreign  to  mechanical  principles,  and,  with  due  deference  to 
higher  authority,  I  would  wish  superseded  by  the  terms  angle 
of  daedion  and  angk  of  rt^homd,  as,  in  my  opinion,  expressing 
roore  mechanically  their  properties ;  for  what  is  the  angle  ABD 
but  the  angle  or  direction  the  body  tak  -^s  when  it  approaches  the 
line  DB  (Fig.  4,  or  GF  Fl§,  5,  P/.  1,)  ;  and  what  js  the  angle 
DBF  but  the  angle  which  the  body  A  re-bounds  with  after  strikmg 
the  plane  GBF,  and,  in  my  humble  estimation,  explaining  more 
clearly  the  signification,  TiLJi  the  terms  inddenct  and  r^ectim. 

Profit  9.  Cor*  3*  (pog^  13.)—  The  term  impinges ^  perhaps,  welt 
expresses  what  is  here  meant ;  that  is,  whether  it  falls  by  its  own 
weight,  or  is  impelled  by  any  particular  force  on  the  body  ;  thai 
15,  whetlier  it  strikes  the  body  by  any  projectile  force,  or  merely 
by  its  own  gravity  in  the  given  direction*  And  by  the  term  imig^ 
tiihide  of  the  stroke^  we  are  to  consider  the  force  of  the  stroke, 
that  L^,  the  absolute  effect  It  has  upon  tlie  body  which  it  impinges 
or  strikes  against. 

Section  2. — It  may  be  scarcely  necessary  here  to  mention  what 
is  meant  by  the  motion  of  projectiles  in  free  space ;  but  that  no 


tering  on  the  study  of  mechanics,  I  shall  here  define  what  is  un- 
derstood to  be  mechanically  a  projectile.  It  is  any  body  or  quan- 
tity of  matter  in  motion,  however  tliat  motion  is  produced ;  whe- 
Ihet  by  the  means  of  percussion,  pressor e^  or  any  other  force ; 
whether  from  the  force  of  gunpowder^  as  a  cannon  shot ;  or  by  a 
stroke  with  a  bat,  as  a  ball ;  by  the  effect  of  a  spring,  or  oilierwise  ; 
that  when  a  body  is  moved  from  a  state  of  rest  to  that  of  motion, 
U  then  becomes  a  projectile  in  the  mechanical  acceptation  of  the 
term.    Also,  by  free  spttce  we  mean  any  space  that  offers  no  re- 
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jectiles  theoretically^  as  if  no  resistance  was  offered  to  the  motion 
of  bodies;  and  then  we  come  to  the  practice,  that  resistance  is 
calculated  and  allowed  for,  whether  proceeding  bom  the  density 
of  the  fluid  in  which  the  body  moves,  such  as  air  or  water,  or  from 
friction,  gravity,  or  any  other  force  which  resists  the  motion  of  the 
prmectUe. 

Prop,  13.  Cor.  1.  {page  19.) — ^In  order  to  make  this  corollary 
ap{>ear  plain,  let  us  suppose  a  body  at  A  (Fig,  2.  PL  A.)  falling 
by  its  own  weight  in  the  direction  of  the  perpendicular  line  AE, 
and  let  us  divide  A£  into  any  number  of  equal  parts,  as  B,  C,  D, 
£ ;  then  the  meaning  of  this  corollary  is,  that  if  the  whole  time 
A£  is  divided  into  any  equal  portions  of  titney  as  AB,  BC,  CD, 
and  D£,  it  will  fell  with  a  certain  velocity  from  A  to  B,  and  will 
gain  in  fklling  from  B  to  C  an  increased  velocity,  eqiuEj  to  the 
velocity  it  acquired  in  falling  from  A  to  B,  and  so  on.  We  may 
here  remark,  that  the  divisions  AB,  3C,  &c.  are  not  supposed 
here  to  be  equal  portions  of  distance  iallen,  but  equal  portions 


then  we  shall  find  that  the  distance  fallen  BC  must  be  greater  than 
the  distance  AC,  for  the  body  has  acquired  a  certain  velocity  in 
passing  from  A  to  B,  and  it  commences  the  motion  from  B  with  a 
velocity  equal  to  that  it  has  acquired  at  B,  and  not  that  with  which 
it  first  set  out  at  A ;  therefore,  the  velocities  acquired  in  Ming 
from  A  to  B  and  from  B  to  C,  in  equal  portions  of  tmBf  will  be 
represented  (if  we  call  the  velocity  V)  by  V  +  2V  +  3V  +  4V, 
&c.  at  the  several  points,  marking  equal  portions  of  time,  that  is, 
ai  B  the  velocity  will  be  =:  V,  at  C  =  2V,  at  D=  3V,  &c. 

Prop,  14.  (^poge  19.) — That  is,  (referring  to  the  last  figure)  if 
AB  is  any  distance  fallen,  and  we  divide  it  into  any  number  <^ 
equal  parts,  as  AB,  BC,  &c.  then  equal  portion  of  distance  wUl 
be  passed  over  by  a  body  descending  from  A  to  £  by  the  force  of 
gravity,  as  the  squares  of  the  times  occupied  in  passing  over  these 
equal  spaces  AB,  BC,  CD,  &c.  thus  calling  the  equal  distances  S, 
and  the  time  in  felling  from  A  to  B  =:  T ;  but  the  time  is  as  the 
velocity,  and  at  B  the  body  has  acquired  a  certain  velocity  V. 
Now,  as  equal  velocities  are  gained  in  equal  times,  T  x  V  is  the 
distance  passed  over  by  the  body  in'  passing  from  A  to  B ;  hence, 
as  T  is  always  equal  to  V,  at  the  point  B,  the  force  becomes  T'; 
but  as  the  spaces  described  evidently  depend  upon  the  time  and 
velocity  of  the  motion,  we  shall  have  the  spaces  AB,  BC,  CD,  &c. 
as  T,  T«,  T»,  &c.  that  is,  as  S  :  T  : :  2S  :  T»  : :  3S  :  T»,  &c. 

Prop.  15.  (page  21.) — ^It  may  not  be  here  amiss  to  define  what 
Is  meant  by  tne  expression,  to  describe  a  parabola.  The  reader 
will  very  readily  perceive,  that  if  a  body  is  projected  in  a  direc- 
tion oblique  to  the  horizon,  its  path  during  its  flight  will  be  a 
curve  line ;  for  if  it  was  a  strsdght  one,  it  would  for  ever  fly  ofl^  at 


of  time ;  for  if 


them  equal  distances  of  space  fellen^ 
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greatDT  and  greater  distances  from  the  surface  of  the  earthy  But 
the  pQwer  of  attract  ion  is  continually  drawing  it  out  of  that  lice  ; 
itj  conseqiiendyj  approaches  the  earthy  or  deviateg  from  that  strait 
line  every  momeDt  of  its  flight,  and  faXh  ultimately  to  tlie  eaTth 
at  greater  or  less  distances,  according  to  the  greater  or  legs  force 
v^ith  wMch  it  is  projected.  Now,  ttiis  path  or  «urve  the  projectilt 
de;3cribeS|  is  in  this  Prop*  termed  a  parabola  ;  that  b,  a  parabolic 
line,  which  curve  may  m  thus  conceived : — let  a  cone  be  cut  by  a 
plane  parallel  to  one  of  the  slanting  Elides,  then  the  boundaries  o 
the  section  will  be  a  curve  line,  virhich  h  termed  a  parabola,  of 
the  curve  itself  may  be  thus  conceived  to  be  drawn,  without  the 
he!p  of  the  cone. 

Let  AB  (Fig.  3.  FL  A,)  be  any  right  line,  and  CD  perpendi- 
cular to  ABj  then  if  we  draw  any  number  of  parallel  lines  to 
CD,  as  AF,  G,  i",  and  if  from  any  point  E,  which  we  may  assume 
at  pleasure,  we  makeEF^AF  or  Etr=a6,  if  a  curve  line  i» 
drawn  through  the  points  FA,  that  curve  is  called  a  purabola  or 
parabolic  line,  aod  is  the  line  in  which  projectiles  move,  or  would 
move,  did  not  the  projectile  meet  vtith  a  resistance  ftQta  Ibe 
atmosphere  through  which  it  passes. 

We  may  here  observe,  as  it  will  perhaps  be  of  use  in  the  inves- 
tigation of  the  properties  of  projectiles,  that  the  point  E  is  called 
the  focus  of  the  parabola,  the  point  G  the  vertex,  that  is,  where 
CG=  GE  on  the  line  CD,  also  that  CD  is  called  the  axis,  and  if 
from  the  poiiit  F  we  dmw  FH  perpendicular  to  CD,  FH  is  called 
an  ordinate  to  the  point  of  the  curve  at  F,  and  so  of  any  other  per- 
pendiculars, from  any  other  point  in  the  curve.  GH  is  also  called 
the  abscissa  to  the  point  F,  or  ordinate  FH,  and  thus  every  ordi- 
nate has  its  corresponding  abscissa;  and  the  comparison  of  these 
lines,  or  the  proportion  ^ey  bear  to  each  other,  determines  the 
nature  of  the  parabola,  or  an  equation  or  algebraic  expression  is 
deduced  from  these  lines,  which  expresses  the  nature  of  the  curve ;1 
and  this  is  what  is  meant  by  the  expression  the  amic  $ectiom 
ihe  curve  AFG  is  a  parabola,)  that  is,  AK,  AL^  kc.  (Fi^es  6  mid  ' 
7,  FL  I.)  are  always  as,  or  in,  a  certain  proportion  to  KF*,  LG^,  &c» 

Frop.  15.  Car.  1. — Tlie  definition  of  tlie  term  latm  rectum  and 
parameter  is  necessary  to  the  understanding  of  this  Cwr,  To  those 
who  are  unacquained  with  the  conic  sections,  I  shall,  therefore, 
give  in  plain  terms  their  signification  t — first,  the  iatMs  reciutn  is 
that  line  in  a  parabola  which  passes  through  the  focus  perpendi- 
cular to  the  axis,  and  meets  the  curve  both  ways,  as  oEc  Is  the 
latus  rectum  to  the  parabola,  {Fig.  3*  Fi.  A.)  and  is  always  a 
quantity  equal  to  four  times  the  distance  of  the  focus  E  from  ilie  I 
vertex  G  of  the  curve  ;  and  the  parmneter  may  be  thus  explained  : 
let  any  other  tine,  as  FK,  be  drawn  parallel  to  the  axis  GD,  llnu 
line  is  called  a  diameter  of  the  parabola ;  now,  the  ordinates  of 
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this  diameter  are  lines  drawn  parallel  to  the  tangent  at  the  vertex  or 
end  of  the  diameter  at  F,  and  are  called  oidinates  to  that  diameter; 
and  if  we  conceive  a  4ine  drawn  paralld  to  the  tangent,  at  the 
vertex  and,  consequently^  to  any  ordinate  to  that  diameter,  and 
if  this  line  passes  through  the  focus  or  point  £  of  the  parabola, 
that  line  is  called  the  parameter  to  the  diameter  FK,  and  it  is 
always  equal  to  a  third  proportional  to  the  ordinate  and  abscissa 
of  that  diameter,  or  four  times  F£  is  the  parameter  to  the  diameter 
FK,  where  £  is  the  focus,  and  £F  always  equal  to  AF. 

Cor,  4.  Prop.  15. — Hence,  the  velocity  at  any  point  of  the  curve, 
which  a  projectile  describes,  may  be  represented  by  a  line  drawn 
from  that  point  to  the  focus  of  the  parabola,  or,  more  properly,  by 
the  thne  a  body  would  be  falling  through  the  extent  of  this  line, 
by  the  force  of  gravity. 

Frop.  16.  Cor,  3.— The  meaning  of  this  Cor.  is  that  a  body  will 
be  projected  to  the  greatest  distance  whidi  the  force  applied  will 
carry  it,  when  the  elevation,  or  the  line  in  which  it  is  projected, 
makes  an  angle  of  45  degrees,  or  the  half  of  a  right  angle  with  the 
horizon,  and  that  at  elevations  at  equal  distances  from  the  angle  o£ 
45  degrees,  the  distance  the  body  will  go,  or  the  point  it  will  fall 
on  the  horizontal  line,  will  be  ihe  same :  for  instance,  the  body 
is  projected  at  an  angle  of  35  degrees,  or  of  55  degrees,  being  one 
10  degrees  less  than  45,  and  the  other  10  degrees  more  than  45. 

Prep.  17.  Cor,  3. — That  is,  the  greatest  elevation  a  projectile 
will  rise  to,  is  in  proportion  to  the  square  of  the  times  of  its  whole 
motion,  before  it  again  fall  to  the  ground. 

Prop,  19. — The  bended  lever  is,  by  most  authors,  given  as  a 
fourth  kind,  though,  in  fact,  it  is  a  lever  of  the  first,  having  the 
fulcrum  at  the  point  where  it  is  bent,  and  the  power  applied  at 
one  end,  and  the  weight  at  the  other,  as  we  see  in  real  practice ; 
that  as  no  lever  is  without  some  thickness,  so,  as  the  fulcrum  is  at 
the  underside  of  the  bar  or  lever,  and  the  power  at  the  top,  the 
line  of  direction  in  which  the  force  acts,  makes  an  angle  with  the 
line  of  direction  joining  the  weight  and  fulcrum ;  for,  let  ABCD 
{Fig,  4.  PI,  A.)  be  a  lever  or  crow-bar,  and  let  the  fulcrum  be  at 
F,  the  power  applied  at  B,  and  the  weight  W  to  be  raised  at 
the  point  D  or  A.  NoW,  as  the  thickness  of  the  lever  in  actual 
practice  is  BC  or  AD,  draw  FB  or  FA ;  then  AFB  must  now 
practically  be  considered  as  the  lever,  which  is  evidently  what 
IS  so  often  termed  a  bended  lever ;  consequently,  as  in  practice 
no  lever  is  without  thickness,  so,  according  to  the  thickness  of  the 
lever,  the  lines  AF  and  FB  will  always  make  an  angle  with  each 
other,  and  the  greater  as  the  thickness  is  increased ;  and  thus  we 
see  all  bended  levers  may  be  reduced  to  the  first  form :  and  as  it 
is  a  maxim  in  science  to  reduce  every  thing  to  a  fow  first  prin- 
ciples, so  in  that  branch  of  it,  on  which  we  are  treating^  the  less 
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compass  we  can  compress  oui  principles  in,  the  less  likely  we 
shall  be  to  fonn  incorrect  notions  <^  tne  subject  we  have  wider 
inTestigation;  for  this  reason,  I  would  confine  the  species  of  leven 
to  three  only.  Under  the  first  class  may  be  arranged  those  instm- 
mants  called  crow-bars,  handspikes,  and  wrenches  of  different 
kinds ;  likewise  sdssars,  pinchers,  &c.  are  double  levers  of 
the  first  kind,  where  the  joint  is  the  fulcrum  or  support.  The 
oars  of  a  boat,  the  rudder  of  a  ship,  the  sails  of  a  windmill,  and 
cuttine-kniyes  fixed  at  one  end,  may  be  arranged  as  levers  the- 
second  kind.  Tongs,  shears,  the  bones  of  animals^  &;c.  may  be 
classed  as  levers  of  the  third  kiud.  And  though  the  action  of  a 
hauuner,  in  drawing  out  a  nail,  is  usually  referred  to  that  of  a 
lever  of  the  fourth  class,  yet  its  eiSfects  may  evidently  be  calculated 
by  considerii^  it  as  a  lever  of  the  first,  from  what  has  been  said 
above. 

Prvp.  23. — By  vrvy  of  illustration,  we  will  here  describe  what 
is  meant  by  the  epicycloid  or  epicycloidal  curve,  as  it  is  much 
commented  on  in  tnis  and  several  of  tlie  succeeding  propositions; 
and  generally  we  are  to  understand  by  an  epicycloidsd  curve,  a 
line  mechanically  formed  by  fixing  any  tracer  or  pencil  in  the  cir- 
cumference of  a  circle  at  any  point,  and  supposing  this  circle  to 
revolve  about  another  circle,  it  ^the  point)  will  describe  a  curve 
which  is  called  an  epicycloid ;  and  as  this  circle  (which  is  called 
the  generating  circle)  may  revolve  either  on  the  convex  or  con- 
cave periflbrv  of  the  other  circle,  the  epicycloid  is  distinguished 
into  two  kinds,  the  exterior  or  interior,  according  as  it  is  found  by 
revolving  on  the  convex  or  concave  circumference.  Thus,  let  ABC 
{h*ig.  5.  PI,  A.)  be  any  circle,  and  AG  any  other;  now,  suppose 
AG  to  revolve  round  the  circumference  ABFC,  and  at  any  point 
A  in  AG  a  pencil  or  tracer  affixed,  and  we  will  suppose,  only  for 
illustration,  that  the  circumference  of  AG  is  half  that  of  ABC ; 
the  point  A  will  be  found  at  C  after  it  has  revolved  through  ABC, 
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or  generating  circle ;  the  arc  ABC  {Fifj.  5.  PL  A.)  or  AC  (^Fig.  6. 
PL  A.)  is  called  the  base  of  the  epicycloid. 

To  avoid  any  misunderstandings  it  may  be  necessary  to  observe 
that  the  generating  circle  may  be  in  any  proportion  to  the  quies^ 
cent  cirde ;  and  in  that  case,  if  the  curve  begm  at  A,  it  will  meet 
the  quiescent  circle  at  greater  or  less  distances,  according  to  its 
periffery :  thus,  if  the  circumference  of  the  circles  are  eqwd,  ibe 
curve  Will  be  continued  quite  round  the  quiescent  circle,  and  meet 
It  again  at  A,  or  it  will  alwavs  meet  the  quiescent  circle  at  a  point 
where  the  quiescent  circum&rence  is  equal  to  the  circumference 
of  the  generating  circle ;  this  with  regard  to  the  exterior  epicy- 
cloid ;  out  in  the  interior  epicycloid,  if  the  circles  are  equal,  the 
point  of  the  generant  will  always  be  in  the  circumference  of  the 
quiescent  circle ;  and  if  the  circumference  of  the  generant  is  half 
that  of  the  quiescent  circle,  the  point  will  trace  the  diameter  of 
the  quiescent  AB  (F^gf.  6.  PL  A.) 

There  are  may  curious  properties  of  the  epicycloid  which  'are 
worthy  of  the  notice  of  the  mechanic,  and  for  which  I  shall  only 
refer  to  Button's  Mathematicai  Dictionary,  which  will  amply  repay 
the  trouble  of  investigation  to  those  who  feel  disposed  to  mvesti- 
gate  the  properties  of  this  curious  and  useful  curve  line. 

Cor.  3.  Prop.  23.  Fig.  25.  Plate  II^The  lines  BM  and  KR  are 
the  interior  epicycloids>  generated  by  by  the  quiescent  circle 
MRBK,  and  me  generating  circle  BD,  as  mentioned  in  the  fore- 
going note. 

Cor.  4.  Prop.  23. — JjfBC  be  n^uute,  or  if  we  suppose  the  radius 
of  the  quiescent  circle  to  be  infinite,  it  then  becomes  a  right  line, 
and  the  revolution  of  the  generating  circle  describes  another  curve, 
soibewhat  similar,  in  many  of  its  properties,  to  the  epicycloid,  but 
is  known  by  the  name  ofjjthe  common  cycloid ;  and  as  this  curve 
is  of  great  use  in  mechanics,  particularly  in  demonstrating  the 
properties  and  nature  of  the  pendulum,  it  may  not  be  uninterest- 
ing to  the  mechanical  readers ;  we  will,  therefore,  state  a  few  of 
them,  leaving  the  demonstration  to  the  mathematicai  student. 
Ilierefore,  let  APCHB  {Fig.  1.  PL  B.)  be  a  common  cycloid, 
generated  or  formed  by  the  revolution  of  the  circle  £P£  along  the 
.line  AB,  any  point  P  tracing  the  curve  during  its  revolution,  and 
let  CGD  be  the  position  of  the  generating  circle,  when  it  has  re- 
volved through  half  its  circumference,  or  when  AD  =  DB :  then, 
if  we  draw  DFC  a  diameter  perpendicular  to  AB,  and  continue 
it  indefinitely  from  C  to  I,  and  having  drawn  the  diord  CG,  and 
parallel  to  which  from  H  we  draw  HI,  we  shall  have  the  follow- 
ing properties  of  the  cycloid ;  and  we  may  here  observe,  that  the 
.  line  FH  is  called  an  ordinate  to  the  cycloid  in  the  point  H,  and 
FC  is  called  the  abscissa  to  the  same  point  H,  and  also  that  the 
reLation  the  lines  CF  and  FH  bear  to  each  other  (or  their  propor- 
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tion  to  each  other,)  is  termed  the  equation  of  the  cydoid,  which  is 
an  algebraic  expression  denoting  the  chief  property  of  the  curre. 
The  following  are  the  most  generally  useftil  properties  of  the 
cycloid. 

1.  The  circular  arch  CG  is  always  equal  the  line  GH,  oris 
equal  the  ordinate  GH — the  sine  of  the  angle  FCG  wiglring  the 
abscissa  the  radius. 

2.  The  semi-circumference  CGD  is  equal  the  semi-base  DB. 

3.  l*he  cycloidal  arch  CH  is  equal  the  double  of  the  dioid 
CG. 

4.  The  semi-cycloidal  arch  CB  is  equal  the  doable  of  the  dia- 
meter CD ;  and  hence  the  whole  cycloidal  circumference  ACB^  it 
equal  four  times  the  diameter  of  the  generating  circle  CD. 

5.  The  area  of  the  cycloid,  that  is,  the  sur&ce  bounded  by  the 
cycloidal  curve  ACB  and  the  line  AB,  is  always  equal  to  tfaiee 
times  the  area  of  the  generating  circle  CGD. 

6.  Any  line,  as  IH,  drawn  parallel  to  the  chord  CG  from  H,  is 
a  tangent  to  the  cycloid,  that  is,  it  touches  it  without  catting  it  in 
the  point  H. 

We  might  here  enumerate  many  more ;  but  as  these  are  a  few 
of  the  most  simple  and  generally  applicable  to  the  science  of  me- 
chanics, we  shall  only  give  them  as  a  specimen,  referring  the 
reader  to  books  which  treat  on  the  nature  and  properties  of  curve 
lines,  a  list  of  which  will  be  found  in  Hutton^s  or  Barlow's  Mathe- 
matical Dictionary, 

Prop,  24.-— There  seems  some  little  explanation  of  a  character 
used  in  the  fifth  line  of  this  Proposition.  After  the  words,  there- 
fore, the  velocity  of  P  to  the  velocity  of  W,"  we  find  this  mark 
!  \ ,  also  in  the  two  following  lines ;  which,  though  a  mark  of  pro- 
portion, is  not,  in  my  opinion,  sufficiently  intelligible ;  we  will, 
thcrefi>re,  explain  the  passage,  t^iat  no  ambii^^uUy  may  appear. 
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describe  the  right  line  FG,  but  will  move  in  the  line  FH,  which 
is  the  same  panibolic  curve  it  would  describe  in  the  air,  if  the 
velocity  of  the  projectile  in  the  air  is  in  the  same  proportion  to 
the  velocity  impressed  on  it  on  the  plane,  as  the  abmute  gravity 
of  the  body  (that  is,  its  gravity  Mling  perpendicularly)  is  to  the 
relative  gravity  of  the  body  on  the  plane,  (that  is,  its  gravity  idl- 
ing along  a  line  parallel  to  the  sides  of  the  inclined  plane,)  and 
bodi  are  describ^  with  the  same  obliqui^ ;  that  is,  if  we  draw 
FI  parallel  to  CB,  and  the  angle  IFG  is  equal  the  angle  the 
direction  of  the  projectile  in  the  air  makes  with  the  horizon ;  and 
the  same  may  be  said  if  the  body  is  projected  upwards  on  the 
inclined  plane,  it  will  describe  a  parabola  under  the  same  circum- 
stances. We  may  here  note,  that  if  the  body  is  projected  in  the 
direction  IF,  that  is,  parallel  to  the  sides  of  the  inclined  plane,  it 
will  then  describe  a  straight  line,  in  the  same  manner  that  a  pro- 
jectile impelled  on  a  horizontal  sur&ce  will ;  and  the  distances  to 
which  they  will  go,  will  be  still  in  proportion  to  the  absolute  and 
relative  gravity  of  the  bodies. 
Prop,  39. — As  a  proper  understanding  of  terms  often  prevents 


would  otnerwise  seem  obscure,  it  may  be  necessary  to  explain 
the  meaning  of  the  term  sub-dnpUcate  ratio,  in  the  second  line  of 
this  Prop.,  which  may  be  simply  thus  shewn  to  be  the  ratio  of  the 
square  :  for  if  two  quantities,  A  and  B,  be  in  proportion  to  each 
other,  we  say  that  the  quantities  A*  and  B'  are  in  a  sub-duplicate 
ratio  to  each  other.  Again,  in  line  7,  page  46  of  the  same  Prop, 
the  words,  "  whence  by  composition,"  requires  a  familiar  explana- 
tion, whidi  may  be  thus  explained  :  let  there  be  four  quantities, 
ABCD,  in  proportion  to  each  other,  that  is,  let  A  :  B  : :  C  :  D, 
then,  if  B  is  added  to  A,  and  D  to  C,  we  shall  have  the  quan- 
tities A,  A  -|-  B»  C  and  C  -f-  D ;  also  in  proportion  for  A  :  A  -|- 
B  : :  C  :  C  +  D ;  and  thus  we  say  the  quantities  A,  B,  C,  D,  are 
by  composition  in  proportion  to  each  other. 

Prop,  39.  Cor.  3. — It  may  not  be  here  amiss  to  explain  the 
terms  reciprocal  and  reciprocalfy  proportional.  Thus,  the  recipro- 
cal of  any  quantity  is  unity  divided  by  that  quantity ;  thus  ^  is 

the  reciprocal  of  the  quantity  denoted  by  A,  and  by  reciprocal 
proportion  we  are  to  understand,  that  if  we  have  any  proportion, 
as,  for  instance,  A  :  B  t !  C  :  D,  we  say  that  the  quantities  are 

,  1  1 

reciprocally  proportional  when  A  !  B  !       I  ^  • 

Prop,  40.  Cor.  3. — It  is  scarcely  necessary  to  remind  the  reader 
that  the  line  VH  is  in  this  corollary  supposed  to  be  perfectly  flex- 
ible, and  that  as  the  bob  or  ball  of  the  pendulum  vibrates  ^long 
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the  arch  A,  H,  D,  a,  the  line  VH  wraps  itself  round  the  cheeks 
KRV  and  Vra ;  but  I  lake  this  opportmiity  of  iidverting  to  a 
erra  ill  firquent  use  in  merhanical  authorsj  when  speaking  of  the 
tture  of  diSereni  curves,  and  which,  in  this  instance^  is  somewhai 
s,  with  rei^ard  to  tite  nature  of  the  pendulum  Tibratin|f  be- 
^eeo  two  r  ycloidal  cheeks,  that  is,  the  curve  ARD«i  is  still  the 
rc  of  a  cycloid^  and,  ihereforej  describes  large  or  small  arches  in 
qual  Unies.  The  term  I  allude  to  is  that  when  describing  a 
ftui-ve  line,  formed  by  the  unwrapping  of  a  line  laid  on  another 
'airve;  the  end  of  the  Vmti  so  unwrapped  describe  another  curve, 
which  is  called  the  evolute  of  the  curare  by  which  it  is  generated, 
rhusj  a  line  wound  round  a  circle ;  by  being  unwrappoJ,  its  end 
vill  deacrihe  another  curve  of  a  different  nature  to  the  circle ;  and 
hus  of  other  curves  ;  but,  iti  ihis  instancej  the  evolute  curve  beings 
L  cycloid,  if  we  construct  a  pendulum,  so  that  in  its  vibrations  it 
lliall  play  between  two  cycloid al  cheek we  shall  have  A  pendu- 
iim  possessing  the  property  of  nbratiug  in  large  or  ismati  aita, 
D  equal  times,  aud  ihis  has  been  in  practice  tried  ;  but,  from  the 
iifficuUy  in  making  the  cheeks  of  a  true  cycloidal  form,  has  not 
Quch  been  used,  though,  in  our  improved  slate  of  operative  me- 
hanics,  I  cannot  but  think  it  of  no  very  difficult  attaiu merit,  and 
«fhich  I  would  recommend  to  the  consideration  of  the  mechauic, 
being  much  calculated  to  improve  the  construction  of  our  time 
keepers . 

rrop.  41*  Cor.  1. — The  term  UiKraml  is  applied  to  the  motion 
pf  pendulous  bodies,  when  their  vibrations  are  performed  in  equal 
Jtimea,  whether  the  arcs  they  describe  or  move  tli rough  are  great 
ioi  small ;  tliat  is,  if  a  pendulum  of  a  given  length  performs  a 
|«eHain  number  of  vibrations  in  a  certain  time,  and  if  the  arc  it 
describes  is  au^euted  or  dimiuished  in  extent,  it  itill  peHbrnis 
^be  same  number  of  vibrations  in  the  same  time ;  these  i^tbrations 
:  called  isocroruii.  ; 
Prop.  41 ,  Cor.  4.    Raditit  qf  Curwtitte, — ^As  a  circle  is  a  curve 
which  is  described  by  the  revolution  of  a  line  about  a  point, 
aUed  its  centre,  it  is  equally  bent  from  a  straig^ht  direction  all 
ound  its  cifcumfereucej  and  the  line  firawn  from  its  centre  is  the 
^ttdiwt  qfcurvtiiure  t  so  all  other  curves^  as  the  inflection  or  bend- 
jing,  varies  in  every  point  of  its  circoraference,  and  the  bending 
bf  every  point  must  correspond  to  the  bend  of  so  rue  circle ;  and 
hence  the  radius  of  this  circle,  tiiat  corresponds  to  the  point  of 
^Qie  curve,  is  called  the  raditu  of"^  turvdtm'e  to  that  point  of  the 
^Curve. 

Prop*  41*  ScAolium. — As  regards  the  regulating  the  vibration  of 
I&  pendulum  in  a  ciock,  the  supposition  here  made,  of  screwing 
he  bob  or  weight  attached  to  the  pendulum  rod  up  or  down, 
cording  to  the  theorem  given,  is  under  the  idea  that  the  weight 
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is  considerable  in  comparison  to  the  rod ;  for,  if  the  weight  is 
made  of  wood,  as  is  the  case  in  some  common  clocks ;  or  of  thin 
brass,  as  is  also  often  the  case ;  or,  in  compensation  pendulums, 
where  the  rod  is  made  wiUi  bars  of  different  metals  of  consi- 
derable weight,  in  comparison  to  the  bob  of  the  pendulum ;  then 
this  theorem  will  not  nold  good,  but  is  meant  only  to  apply  to 
that  case  where  the  weight  of  the  pendulum  rod  is  trifling  in  com- 
parison to  that  of  the  weight  or  bob  attached  to  it.  1 

Propi  43. — By  the  term  "  an  inflexible  right  line,"  is  here 
meant  an  imaginary  line,  that  possesses  the  property  of  resisting 
any  effort  or  force  to  bend  it,  which,  though  not  practically  a  line 
which  has  actual  existence,  still  is  necessary  in  the  demonstration 
of  this  and  all  problems  relating  to  mechanics;  for  though  all 
bodies  will  bena  or  break  by  a  force  applied  to  them,  yet  it  is 
necessary,  in  the  investigation  of  the  properties  of  the  mechanical 
powers,  to  suppose  ail  levers  possessCMl  of  this  property  of  resist- 
ing any  effort  to  bend  them,  m  order  that  all  the  force  may  be 
applied  to  the  body  acted  on,  though,  in  actual  practice,  allow- 
ance must  be  made  for  the  elasticity  of  all  bodies,  or  the  strength 
of  the  material  of  which  they  are  composed.  Thus,  it  would  be  in 
vain  for  us  to  attempt  to  move  a  body,  by  the  help  of  a  lever 
composed  of  thin  wire,  whose  weight  is  such  as  would  cause  the 
wire  to  bend  before  it  had  any  effect  on  the  body :  and  in  actual 
practice,  we  must  adapt  the  strength  of  the  lever  to  the  weight  of 
the  body  to  be  moved,  though,  in  calculating  the  power  of  it  to 
overcome  any  obstacle,  we  are  at  liberty  to  suppose  a  line  pos- 
sessed of  infinite  strength  to  resist  bending  or  breaking  with  any 
force  exerted.  Thus,  in  mechanics,  we  must  suppose  all  bodies  to 
be  possessed  of  infinite  resistance  and  perfect  elasticity,  as  well 
as  perfect  solidity  and  perfect  fluidity,  when  we  demonstrate  the 
properties  of  bodies,  or  are  investigating  the  theory  of  machines, 
and  afterwards  allow,  in  actual  practice,  for  the  deviations  ob- 
served in  nature  from  these  properties,  ascertained  by  actual  ex- 
periment. For,  as  in  geometry,  a  right  line  is  defined  to  be  length 
without  breadth,  so,  in  mechanics,  a  lever  is  defined  to  be  a  line 
perfectly  inflexible,  though  neither  exist  but  in  the  imagination. 

iVty.  44.  Cor.  6. — The  term,  a  given  quantjtyy  (in  the  fourth 
line  of  this  Cor.)  may,  perhaps,  need  some  illustration ;  at  any 
rate,  this  curious  property  alluded  to,  of  the  centre  of  gravity  of  a 
system  of  bodies,  merits  our  particular  attention.  I  shall,  there- 
fore, here  first  explain  what  is  meant  by  a  given  quantity,  lest  the 
inexperienced  reader  should  imagine,  that,  in  any  system  of  bo- 
dies, the  quantity  here  alluded  to  should  be  thought  to  mean  ai 
certain  numerical  undeviating  sum,,  let  the  bodies  be  of  any  mag- 
nitude, or  any  how  sitaated.  I  will,  therefore,  endeavour,  by  the 
help  of  a  diagram,  to  shew  what  is,  in  the  language  of  mathema- 
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lies,  tneant  by  a  given  quantity.  Let  ABC  {Fig.  3.  PL  B>)  be  a 
seroi-clrdej  ADC  live  diameter ;  now,  if  AC  is  divided  ia  any 
point,  as  and  DB  drawn  peqieodicular  to  AC,  and  if  we  have 
the  distances  AD  and  DC  of  a  given  magriiiuda,  the  perpendi* 
cubr  DB  is  ^aid  to  be  a  given  quantity,  as  it  is  always  a  menn 
proportional  to  AD  and  DC,  hi  the  point  D  he  any  where  situ- 
ated on  the  diameter  AC  ;  hence,  if  we  make  this  proportion  as 
AD  :  BD  : :  BD  :  UC  ;  and,  as  die  product  of  the  two  middle 
terms  is  always  equal  to  the  product  of  the  two  extreme  terms, 
we  have  BD  x  BP  =  AD  X  DC,  or  BD^  =  AD  x  DC,  or 

BD  —  V  AX>  X  DC,  that  is,  BD  k  always  equal  to  the  square 
root  of  the  product  of  AD  and  DC ;  that  is,  BD  will  always  be  a 
quantity  which  is  known  or  dedticible  from  tlie  quantities  AD 
and  DC;  thus,  in  this  Cor.  the  several  distances  of  the  bodies 
from  the  centre  of  gravity  are  known  quantitiesj  and  the  diameter 
of  the  circle  is  any  known  distance ;  die  distances  of  the  lines 
drawn  from  a  point  in  the  circumference  of  that  circle  to  the 
several  bodies*  is  said  to  be  a  given  quantity^  because  it  is  dedu- 
cible  from  these  lineSj  (that  is,  their  several  distances  from  the 
centre  of  gravity,)  and  this  is  always  the  case,  let  the  point  taken 
be  any  where  in  the  circumference  of  the  circle  drawn  aliout  the 
centre  of  gravity* 

Prop.  46. — Tljis  Prop,  does  not  seem  sufficiently  intelHgible,  at 
least  not  sufficiently  clear,  in  the  passage  where  it  says,  "  Where 
any  product  lajing  the  contrary  way  from  R  must  be  taken  nega- 
tive ;  now,  in  adding  algebraic  quantities,  we  must  take  the  sum 
of  the  difference  of  those  quantities  affected  by  the  different  signs 
minus  and  plus  for  the  sum,  that  is^  you  subtract  the  sum  of  all 
the  minusses  from  the  sum  of  all  the  plusses  for  the  whole  sum  of 
the  quantities,  or  the  contrary.  Thus,  in  this  Prop,  the  plan* 
w^hich  is  supposed  to  be  acted  on  by  the  bodies  ABCDE,  extei^ds 
only  from  N  to  and  as  the  body  situated  at  E,  is  beyond  the 
extent  of  the  plane  RN,  the  plane  will  not  be  affected  by  the  body 
at  E;  therefore,  the  bodies  A  and  D  are  more  than  equal  to 
maintain  the  equilibrium  of  the  bodies  B  and  C  by  a  quantity  £ ; 
and,  therefore,  to  maintain  the  equilibrium,  the  body  or  quantity 
B  must  be  taken  from  that  of  the  itutu  of  A  and  D :  thus^,  as  the 
Prop.  Slates  A  +  D  —  B  +  C  +  E ;  but  as  E  has  no  effect  on 
the  plane,  NH,  acting  in  a  perpendicular  direction  to  tt,  we  must, 
to  make  A  +  D  ^  B  +  C,  take  the  quantity  E  from  it ;  then  we 
have  A  +  D— E  B  +  C  ;  or  if  the  distances  iiR,  iiR,  cR,  dR^ 
and  t'R,  are  multiplied  into  A,  Bj  C,  D,  and  E,  we  shall  have 
<iE  X  A  H-dR  X  D=mx  B-h  rR  X  C  — eR  x  E, or, which 
<iRxA-hiiRxD 

19  the  same  thmg,   —     „  ~  oR  x  B  +  cR  x  C* 

ctl  X 
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This  is,  therefore,  the  meaning  of  the  eR  taken  negative^ 

(because  its  force  upon  NR  is  of  no  effect  when  £  acts  perpendicu- 
larly to  NR) ;  and,  consequently,  to  preserve  the  equilibrium,  the 
force  expressed  by  oRxA-^-dRx  D  must  be  divided  by  the  force 
express^  by  eRx  E  to  maintain  the  equilibrium. 

Section  6.  Prop»  56. — As  this  Prop,  seems  involved  in  some 
obscurity,  we  will  endeavour  to  give  some  illustration  of  it  that 
will  enable  us  to  comprehend  its  true  meaning.  And,  in  order  to 
which,  it  will  be,  perhaps,  necessary  to  go  through  the  whole 
Proposition,  making  our  remarks  as  we  proceed :  and,  first,  we 
will  state  the  Prop.,  as  we  conceive,  in  as  intelligent  a  manner 
as  the  subject  admits  of.  The  Proposition,  therefore,  amounts  to 
diis,  that  if  any  number  of  bodies  (or  a  system  of  bodies)  revolve 
about  a  common  centre,  which,  if  we  here  consider  as  an  axis,  is  as 
the  axis  of  a  wheel ;  and  if  in  their  revolution  (caused  by  any 
force  applied)  they  are  made  to  revolve  through  a  certain  portion 
of  the  circumference  they  describe,  in  a  given  time,  if  we  apply 
another  force  in  a  perpendicular  direction  to  the  axis,  this  fast 
force  will  produce  a  motion  in  the  system,  which,  if  we  call  the 
original  force  f,  and  the  force  afterwards  applied  we  call  jw,  the 
vidiole  motion  of  the  system  will  now,  in  the  same  time,  be  repre- 
sented  by  the  expression  A  xSA+BxSBH-CxSC 

^         ^  AxSA«-|-BxSB«-|-CxSC« 
but,  by  the  concluding  expressions  in  the  demonstration,  die 

u  1      ^  *  V        1  .  AxSA-l-BxSB+CxSC 

whole  motion  seems  to  be  equal  to  —  x  m. 

S 

Now,  it  seems  to  those  not  well  conversant  in  algebraic  operations 
that  there  is  a  difficulty  in,  or  rather  an  omission,  in  the  author ; 
in  not  shewing  that  these  two  expressions  are  equal  to  eadi  other ; 
for  it  is  evident,  this  last  is  legitimately  produced  from  the  theory  of 
mechanics :  and  as  it  does  not  seem  to  correspond  with  the  original 
expression  in  the  Prop,  itself,  we  will  endeavour  to  supply  what 
certainly  was  only  omitted  under  the  consideration  that  it  was 
not  necessary  to  tibose  conversant  with  algebraic  expressions ;  but, 
in  all  elementary  treatises,  it  is  necessary  that,  at  least,  no  am- 
biguity  should  appear.  "I  will  here  shew  that  if  the  reader  atten- 
tively observes  Uie  preamble  of  the  demonstration,  he  will  find 
Acre  two  expressions  perfectly  identical,  and  of  course  the  Prop, 
is  correct.  Thus  we  find  that  we  are  desired  to  put  the  sum  of  the 
AxSA«    BxSB*    CxSC    «    .     ^  ,  * 

expressions  — — x — SP~^~SP~"'^     therefore  the  last 

AxAS4-SxBSH-CxCS 
expression  above  used  will  be  Ax  AS*H-B x  BS»  H-C X  CS*.^-  m, 

SP 
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is  known,  thai  to  divide  any  qtianiUy  by  afracdoii,  ia  the  same  as 
multipljiog  it  by  that  fraetlon  wbcjse  numerator  and  denominator 
are  reveraed ;  therefore  (as  every  whole  number  may  be  considered 
as  an  improper  fraction  whose  derioraioatot  is  unity  or  1,)  we 
,  ^  .  AxASHrBxBS+CxC5  , 
shall  have  !o  multiply  the  frajCtiOn   ana 

SP 

 7^ — FT^r>  which  k  evidently  the  uame  ac 

AXAS^  +  BXBS^+CXCS-^^^-  and  th.n be.ng  mul.pUed  by 
.  .    ,  ,  AxAS+BxBS+GxCS 

we  have  the  or.^nal  exp™  ^^^sq.-!^  bS^+Cx  CS 
xSP  X'Kj  e<|ual  or  identical  to  the  expression  above  shewn ^  viz. 

AxAS+BxBS-i-CxSC  ,        _    .  , 
 ^  ^ — — — — xw.  Before  we  leave  this,  it  may  be 

necessary  to  expinin  what  is  meant  by  angular  motion,  or  the 
angular  motion  of  a  system  of  bodies :  ibuij  in  any  system  of 
bodies,  if  any  one  of  bodies  coraposmg  that  system  has,  by 
its  revolution,  described  any  arc  of  a  circle  in  a  given  lime,  the 
measure  of  that  arc,  or  ttie  Eingle,  the  lines  drawn  from  the  body 
to  the  centre  of  the  system  dnring  any  portion  of  its  revolution, 
in  a  given  time,  is  the  angular  motion  of  that  body ;  and  il'  the 
wboie  system  describes  die  same  arc  io  the  given  time,  the 
angular  motion  of  tha  system  ia  the  same  as  the  augular  motion 
of  any  body  composing  a  part  of  the  system ;  and  tiie  absolute 
motion  in  the  system  is  measured  by  the  angular  motion ;  thus,  if 
a  system  pass  over  a  portion  of  its  circumference  equal  to  t5 
degrees  in  one  hour^  we  say  the  anguliir  motion  is  at  that  ; 
and  that  ii  the  absolute  motion  of  the  system,  without  regard  to 
the  actual  space  passed  over  by  each  body  composing  the  syst^ : 
btit  if  we  consider  the  absolute  motiooj  as  measured  by  the 
actual  space  passed  over,  in  feet,  miles,  &c.  we  must  know 
the  anprular  motion ^  and  also  the  radius  of  tlie  cifcle  Urn  body  de^ 
scribes,  and  thence  calculate  the  length  of  the  arc  itself,  in  milea, 
feet,  &c,  for  the  'iibsolute  motion  of  the  body  iu  space ;  thus,  iif 
in  a  system,  the  bodies  which  compose  it  are  situated  at  different 
distances  fi-om  tlie  centre  of  the  system,  tliese  bodies;  may  have  all 
the  same  angular  motion  ^  but  diese  absolute  motions  in  space 
ivill  vary  as  they  are  at  greater  or  less  distances  from  the  centre 
of  the  system. 

Cor,  1.  Prop.  56. — In  this  Corollary  asuppoaitiou  i»  made  that 
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the  bodies  are  all  situated  at  O,  that  is,  all  at  the  wne  distance 
from  the  centre :  now,  we  have  seen,  in  the  foregoing  Prop.,  that, 
let  the  bodies  be  any  how  situated,  the  motion  generated  will  be 
Ax  SA+Bx  SB+CX  SC     gp  ^  subrtitute 

Ax  SA«4-Bx  SB»4-C  X  SC« 

the  distance  SO  in  the  places  of  SA,  SB,  SC,  we  shall  haT«  this 

expression  from  the  motion  generated,  viz.-^f^'^ ^^^^ 
^  6.        '  AxSO»+BxSO»+ 

xSO 

Q^^i  X  S  P  X  «;  and  as  the  expression  is  equal  to  the for- 

c^r^  u  ,  A  w  AxSA'-fBxSB'+CxSC! 
mer,  SO  wUl  be  found  equal  to-^^SA-f  rixSB+Cx  SC  ' 
which  shews,  that  the  absolute  motion,  or  angular  motion,  will  be 
still  the  same,  whether  we  suppose  the  bodies  to  be  all  situated 
at  the  same  or  equal  distances  from  the  centre  of  the  system,  or  at 
different  distances,  as  we  do  not  here  take  into  account  the  weight 
of  the  bodies :  but  their  angular  velocities  will  be  different,  that  is, 
the  velocities  with  which  the  bodies  describe  or  move  through  any 
eiven  arc  or  part  of  the  circumference  will  be  different;  for  if  a 
body  describes  a  given  arc,  in  a  given  time,  at  a  certain  distance 
from  the  centre,  it  is  plain,  that,  to  move  through  an  equal  arc  at 
twice  the  distance  from  the  centre,  iu  the  same  Ome,  it  must  move 
with  a  greater  velocity,  and  the  contrary;  as  it  will  have  to  move 
through  a  greater  or  less  space  according  to  the  radius  of  the  cir- 
cle they  describe  in  the  same  time,  therefore  must  move  with 
greater  or  less  velocity,  though  the  angular  motion  is  the  same. 

Prop.  57.  Centre  of  Percussion, — In  order  to  well  understand 
what  is  meant  by  the  centre  of  percussion,  to  enable  us  to  apply 
it  in  the  construction  of  machines,  we  will  endeavour  to  describe 
it  in  a  familiar  manner.  Thus,  in  striking  any  body  with  a  bar  or 
lever,  we  know  by  experience,  that  if  the  blow  is  given  at  or  near 
the  extremity  of  the  lever,  it  will  jar  or  attempt  to  fly  out  of  your 
hand ;  which,  if  suffered  to  do,  the  end  you  hold  in  your  hand  will 
strike  the  ground :  on  the  contrary,  if  the  blow  is  given  with  that 

Sart  of  the  lever  near  the  hand  it  will  also  jar,  but  in  a  contrary 
irection ;  that  is,  the  end  held  in  the  hand  will  attempt  to  fly 
upwards :  now,  there  evidently  must  be  a  point  between  these 
two,  where,  if  a  stroke  is  given,  the  full  effect  of  the  blow  will  be 
sensible,  and  the  lever  will  not  attempt,  after  the  stroke,  to  fly 
upwards  or  downwards,  but  will  remain  at  rest,  without  iarring 
the  hand :  and  this  point  in  the  lever»  or  bar,  is,  in  mec&uiics, 
called  the  centre  of  percussion,  or  the  point  in  the  striking  body, 
where,  if  it  strikes  another,  the  effect  will  be  the  most  powerful; 
and  as  the  centre  of  gravi^  of  a  body  is  a  point  on  which,  if  sus- 
pended, the  body  would  be  in  eqmlibrio,  so  the  centre  of  per- 
cussion is  a  point  in  which  the  whole  momentum  of  the  moving 
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body  is  placed  to  produce  the  greatest  effdct^  or  the  force  of  p 
cuttsion  communicated  to  the  whole  boby  is  centered,  and^  o 
sequently,  balance  each  other  when  the  stroke  is  giyen. 

jPrpp.  57.  Cor.  7.  Locusj-^Ab  this  term  is  in  frequent  use 
mathematical  and  mechanical  speculations,  as  well  in  theory  as 
practice,  we  would  define  it  to  be  that  line,  whether  straight 
curved,  which  is  produced  by  the  motion  of  another  line,  or  ot 
lines,  which  always  more  either  in  a  known  proportion  to  ei 
other,  or  in  a  constant  ratio  about  one  or  more  points,  or  along  < 
or  more  lines,  whose  positions  are  given.  Thus,  the  locus  of  t 
given  lin^  revolving  about  a  fixed  point,  as  a  cenue,  will  b 
circle ;  but  if  the  line,  instead  of  revolving  about  a  point,  alwi 
moves  parallel  to  itself,  at  any  angle,  along  another  straight  li 
it  vrill  describe  another  straight  line ;  and  this  line  is  called 
locus  of  the  other,  and  of  the  line.  Again,  if  two  liues  revo 
about  two  centres,  crossing  each  other,  and  if  the  sum  of  the  c 
tances,  from  the  point  of  intersection  to  the  two  centres,  is  alws 
^  given  quantity,  the  locus  (or  place)  of  the  point  of  intersect 
will  be  an  elipse :  for  the  property  of  that  curve  is,  that  if  ft 
any  point  in  the  circumference  we  draw  two  lines  to  the  t 
centres  (or  foci),  the  sum  of  these  lines  is  always  a  constant  qui 
tity ;  and,  therefore^  (in  the  Cor.)  the  line  OT  will  be  the  place 
which  the  centre  of  percussion  will  always  be  found,  as 
bodies,  or  the  system  of  bodies,  ABC  oscillate  round  S  as 
centre;  the  meaning  of  which  is,  that  let  the  line  OT  be  of  w! 
lenffth  it  may,  if  its  end  T  s(trike  an  object,  it  is  the  same  thing 
if  me  point  O  struck  it. 

Prop.  58.  Centre  of  Oscillation. — In  order  that  no  misconci 
tion  may  arise  firom  the  definition  given  of  this  point,  which 
that  if  all  the  particles  of  the  body  were  concentrated  in  a  cert 
part  of  a  vibrattng  or  oscillating  body,  it  would  vibrate  or  osdUatt 
the  !iame  time  as  the  whole  hodu^  Let      sup  post;  that  a  pendutun: 
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wQ^ht  tjransferred,  will  make  it  vibrate  in  tlie  same  time  a^  the 
latter ;  and  this  point  is  called  the  cea&e.qf  aui^^  ^r.  when 
the  bob  of  ^  pepd^luna  is  very  iefnn/f  in  wpefi  qf  the  penflukim- 
rod  itself  the  centre  ot  oscilUtipn  coRespoqds  nearly  to  the  centre 
of  graviiy  qf  the  bob,  or  bally  ^t  the  end  9£  ^  pendulum-rod ; 
an^  thus  we  say  a  pendulum  is  of  a  certain  length,  to  vibriate  in 
a  cert^n  time:  we  take  for  the  length  of  the  pendulum,  the 
distance  of  the  centre  of  oscillation  from  the  centre  of  suspension ; 
and  then,  if  the  pendulum  is  composed  of  a  bar,  or  even  an 
irregular  figure,  if  we  caq  find  its  centre  of  oscillation,  and 
measure  irom  that  point  to  the  centre  of  suspexision,  we  can  csd* 
cul^te  the  i^umber  of  vibrations  it  will  make,  in  a  eiyen  time. 

Prop.  59.  Centre  qf  Gryra^ioi2.-r-This  point  in  a  body,  or  isystem 
of  bpdies,  is  somewhat  analogous  to  the  centre  of  osculation,  and 
o^\y  differs  ip  this  i*espect,  that  this  point  is  that  in  which  mw 
focce  applied  will  produqe  a  certain  effect,  but  that  it  is  appfied 
onh  to  mat  point;  whereas,  in  tiie  latter  case,  the  motion  of  the 
body  is  proaqced  by  the  action  of  gravity  on  all  the  particles  (jif 
the.  body :  thus,  in  the  centre  of  gyration,  the  body  ^s  put  in 
motion  by  some  other  force  acting  only  in  one  ppint ;  and  if  puf 
point  is  such  as  to  produce  the  same  effect^  wpt^  regard  to  tlie 
ai^g^Iar.  velocity  9f  the  system,  as  if  tl^e  whbW^tem/were  ;^t> 
lect^  in  jt^^  ppin,t,  tl^s  p^int  is  called  l^e  cenjbce  of  gyra&m. ' 

Tf9p.  61.  Cor.  1. — Tendon  is  a  ten^  used  .in  n^echj^^  to 
denptje  that  state  of  a  cord,  or  string,  wl^  any  foric^  is^pljLe<i 
to  it  in  order  to  stretch  it  beyond  its  natural  len(gpdi^  and  nuujt 
AOt  be  confounded  with  the  actual  strength  of  the  cofd^  &c.  to 
resist  a  given  force. 

Prop.  66.  Scholium. — hi  or^er  to  make  this  scholium  per%tly 
intelligible,  as  well  as  to  illustrate  the  term  reaprocaUy  t^,  we 
will  endeavour  to  &miliarize  the  expression,  where  it  says^  that 
th^  weight,  or  force,  at  any  place,  will  be,  to  preserve  the  eqiiUi^ 
brium  reciprocally,  as  AG' :  now,  the  meaning  of  this  is,  that  suj>- 
posing  any  number  of  points  in  a  ^exible  line,  and  a  weight 
suspended  from  each  point,  these  weights  must,  in  order  to  balance 
eacn  other,  have  a  given  proportion  ;  which  proportion  .ejsr 
pressed  by  the  square  of  the  sine  of  the  angle  the  weight  or 
point  from  which  it  is  suspended  makes,  with  a  liqe:  drawn 
from  the  centre  of  the  two  points  of  suspension,  and  eidier  point 
of  suspension.  And  as  the  sine  increases  as  this  angle,  increases, 
so  the  weight  must  diminish  in  the  same  proportion ;  and  this  is 
said  to  be  reciprocally  as  the  sine  of  the  angle,  or  as  AO' :  and,  in 
like  manner,  as  the  secant  of  the  angle  decreases  as  the  angle  is 
aiwmented,  so  the  weight  diminishes  in  a  certain  r^tio,  via.  .«s>the 
cube  of  the  arc  BA,  that  is,  in  direct  pK^iiioii  to. the  secant^  i6r 
in  reciprocal  prippOrtion  as  the  sine  of  the  arc,  that  is^  in  oiie  case, 
the  less  the  secant  the  less  the  weight;  and  this  is  direct  pro- 
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portioii;  Mjd,  hi  iheoUier^  ll^ie  less  the  aine»  the  ^eater  the  weight; 
and  till*  IS  reciprocal  proportion. 

Prop.  69.  iifr,  S. — That  is,  supposing  two  beams,  of  diifereiit 
leugll)3,  for  instancei  12  feet  6  feet,  and  ae  the  end  of  the  one 
of  twelve  feet  a  weight  is  suspended  of  50  pounds ;  now,  as  the 
beanif  are  in  leDgth^  to  each  other,  aa  12  is  to  6,  that  b  as  2  is 
to  1,  ihea  the  weights  must  be  m  reciprocal  proportion  as 
these  lengths;  llierefore  a  weight  of  100  pounds  hung  at  the 
eittremily  of  the  beam  of  6  feet  %ill  strain  that  as  much  as  a 
weight  of  50  pounds  hung  at  the  extremity  of  the  beam  of  1%  feet 
in  length. 

Prop.  73.  Cor.  l.--*Iti  our  observation  on  Prop.  15^  we  hate 
explained  the  nature  and  consiructioti  of  the  parabola,  that  is,  tiie 
parabolic  curve,  as  found  by  the  section  of  a  cone ;  and  we  there 
see  diat  there  is  always  a  certain  relation  between  the  abscissa  and 
ordioate,  and  which  relation,  in  the  language  of  aigebra,  is  ex- 
pressed by  |jj=3r";  that  b,  if  we  call;?  a  constant  given  quantity, 
J  the  abscissa  and  y  the  ordinate,  to  any  point  in  the  curve,  thi* 
expression  denotes  that  the  cui^ve  is  the  common  parabola  ;  now, 
if  we  h[ive  a  curve  given,  if  we  mechanically  measure  ilie  ab- 
scissa and  ordinate  corresponditigj  to  any  number  of  points,  we 
may,  by  coraparin^  the  relation  which  the  abscissa  and  oitlitiate 
bear  to  each  other,  find  the  specie  of  curves  to  which  it  belongs ; 
and  if  we  find  the  abscissa  vary  as  the  square  of  the  ordinate, 
we  pronounce  it  a  parabola ;  but  if  we  find  the  abscissa  varies  as 
the  cube  of  tlie  ordinate  instead  of  the  square,  it  is  called  a  cubic 
parabola,  that  is^  if  p  be  a  given  constant  quantity^  the  equation 
or  algebraic  expression  pj^jjra  denotes  it  to  be  a  cubic  parabola. 

Prop.  73.  Cor.  2,— But  if  the  nature  of  the  curve  is  found  to 
be  such  that  tbe  square  of  the  abscissa  always  varies  as  the  cube 
of  the  ordiuate,  the  curve  is  said  to  be  a  semi-oubic  parabola ; 
thus,  if  p  tepresetit  a  given  constajit  quantity,  and  if  pir"^^*^  the 
curve  is  a  semi -cubic  parabola. 

Prop.  73*   Cot.  3. — The  algebruic  expression  denoting  tl;e 

cum  to  be  an  el  ipse  is        c^Xt^^f^  where  y  represents  the 

ordinate,  »  the  abscissa,  c  the  conjugate  or  shortest  diametpr,  and 
i  the  tran^verae,  or  longest  diameter  of  the  el  ipse;  that  is, 
in  words,  the  square  of  any  ordinate  h  always  equal  to  the 
square  of  tbe  conjugate  diameter  multiplied  by  the  rectangle  of 
the  two  abscissas,  and  the  product  divided  by  the  square  of  the 
transverse  diameter;  hence,  in  the  elipse,  we  have  always  tlie 
following  proportion^ — as  the  square  of  the  transverse,  or  longest 
diameter^  is  to  tJie  square  of  the  conjugate,  or  shortest  diameter, 
so  is  the  rectangle  of  the  two  abscissas,  (that  is,  the  two  parts  the 
iransverae  diameter  are  divided  int<i  by  die  point  where  the  ordinate 
meets  it,)  to  the  square  of  the  ordinate. 
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Prop,  79.  Cor.  1.— The  tenn  detection  is  here  to  he  under- 
stood as  distinct  from  the  curvature  the  beam  assumeSy  and  is 
applied  to  the  effect  the  force  of  gravity^  or  weight  of  the  beam, 
exerts  to  make  any  point  descend  from  the  horizontal  position  it 
would  otherwise  remain  in ;  and  the  quantity  of  deflection  is  mea- 
sured by  the  perpendicular  line  drawn  from  any  point  in  the 
curve  to  the  horizontal  line  AB  or  AC,  Figures  7  and  8.  Fl,  XI. 

Frop,  79.  Cor.  3. — The  curvature  of  a  beam,  which,  by  its 
weighty  bends  from  the  horizontal  line,  is  said  to  be  given,  because 
we  have  seen  (in  Prop.  66.  Cor.  5.)  that  if  several  touns  are  con- 
nected together,  and  suspended  from  two  points,  the  positions  of 
the  angular  points  where  ihey  meet  are  always  to  be  found  by  the 
rule  there  given,  and  are,  therefore,  invariably  alike,  in  the 
same  or  similar  beams  so  connected ;  now  if,  instead  of  a  number 
of  beams,  we  divide  one  beam  into  a  number  of  equal  parts,  we 
may  call  these  parts  separate  beams ;  and  the  action  of  gravi^  on 
these  several  parts  will  cause  it  to  bend,  or  deflect,  from  the  horir 
zontal  line ;  and  as  these  bendings,  or  deflections  of  any  part,  can, 
by  the  proposition,  be  calculated,  we  can  alvrays  find  their  posi- 
tion :  hence,  if  the  parts  are  supposed  to  be  infinite,  ihey  will 
form  one  continued  curve  line. 

Page  102,  Une  21.— In  reference  to  Fig.  14.  Plate  XL  the 
reader  will  perceive  that  the  figure  is  wrongly  represented,  lor  it 
should  not  oe  drawn,  as  it  is  there,  vnth  the  sides  convex,  but 
as  Fi£,  4.  Plate  B,  with  the  sides  concave  towards  the  axis; 
and  mis  error  is  corrected  in  the  latter  editions  of  this  work,  as 
well  as  noticed  in  the  8vo.  ^edition  of  Emerson's  Elemenis  of' 
Mechanics, 

Page  102,  Une  3.  from  the  bottom. — logarithmic  curve. — In 
order  to  have  some  idea  of  this  curve,  and  its  method  of  con- 
struction, letABCDE  (Pig.  5.  Plate  B,)  be  any  indefinite  right 
line,  and  let  it  be  divided  into  any  number  of  equal  parts, 
and  perpendiculars  be  drawn  from  all  the  points  ABC,  &c. 
and  let  their  lengths  AF,  BG,  CH,  DI,  and  £K,  be  a  series  of 
geometrical  proportions,  that  is,  if  AF=2,  BG=4,  CHn^S,  &c. 
and  AB  is  an  abscissa,  and  BG  its  corresponding  ordinate,  and 
so  of  the  rest :  thus  the  abscissas  are  the  logari£ms  of  the  cor- 
responding ordinates ;  for  the  abscissas  are  a  series  of  arithmetical 
proportionals,  while  the  ordinates  are  a  series  of  geometrical  pro- 
portionals, which  are  the  properties  of  logarithms ;  hence,  the  name 
of  the  curve  passing  through  the  points  FGH,  &c.  is  called  the 
logarithmetic  curve,  or  logistic  curve :  and  here  it  may  not  be 
amiss  to  explain  what  is  meant  by  the  term  assyn^tote  to  a  curve, 
it  is  that  strait  line  which,  if  infinitely  continued,  approaches 
nearer  and  nearer  the  curve,  but  would  never  meet  it :  thus,  in 
this  curve,  if  BA  is  produced  beyond  A,  and  the  curve  GF  is 
produced,  it  vnll  contmually  approach  AE.   But  as  a  series  of 
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numbers,  in  geMetricftl  proportion,  may  be  continually 
creasing  without  ever  becoming  equal  to  O ;  so  the  oidinatet 
the  cniVe  may  continually  decrease  without  ever  coinciding  ¥ 
the  aaus  of  tiie  curve :  hence,  in  the  logarithmetic  curve^  the  s 
AE  is  an  asymptote  to  tiie  curve. 

Prop,  61.  Cor.  1. — V/e  here  see  the  reason  why^  in  taking 
lerel  wr  the  construction  of  a  canal,  or  other  purposes,  as 
conveying  d  water  from  one  place  to  another  in  pipes,  an  allc 
ance  must  always  be  made  for  thie  curvature  of  the  earth's  surfs 
for,  as  the  earisi  is  a  sphere,  or  nearly  so,  and  the  gravitat 
force  situated  at,  or  nearly  in^  Us  centre,  the  surface  of  any  ft 
on  it  will  take  ^e  form  of  the  curvature  of  the  earth's  snrfa 
and  hot  that  of  a  tangent  to  it :  for  let  ABC  {Fig.  6.  PL  B)  b 
portion  of  the  earth's  surface,  and  it  is  required  to  constr 
a  canal  from  the  points  B  to  C ;  now,  if  we  take  the  optical, 
apparent  leVel,  it  will  be  in  the  direction  BD  a  tangent  to 
earth's  surface ;  but  as  its  gravity  will  draw  the  water  in  the  cu 
BC,  we  must  make  an  allowance  of  such  a  nature,  that,  know: 
the  distance  BC,  we  may  make  a  proper  allowance  for  the  de 
ation  of  C  from  D,  as  the  arc  BC  is  the  true  level  required,  e 
not  BD,  which  would  be  the  level  as  taken  with  any  instnun 
for  levelling.  Tables  have,  accordingly,  been  calculated  to  tm 
this  allowance ;  of  which  the  following  will  not,  perhaps,  be  vat 
ceptable ;  and  here  the  distances  are  such  as  a|e  mjegim^d  oa 
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This  table  will  be  found  useful  to  the  engineer  and  surveyor, 
in  many  inst^ces :  thus,  1.  To  find  the  height  of  the  apparent 
level  above  'the  true.  2.  To  find  from  the  distance  given  of  a 
spring,  or  reservoir,  bom  any  house,  the  height  the  water  will 
raise  to  a  cistern  in  the  given  place,  and  many  others;  for  which 
see'  Hutton  and  Barlow's  Mathematical  Didionaries. 

Frop.  83.  Case  2.  Cor,  1.  Page  109.^In  order  to  illustrate  this 
Corollary, — ^for  on  it  depends  a  weU  known,  though  seemingly 
contradictory  property  of  fluids,  as  considered  with  respect  to  me- 
chanical prmciples,  and,  hence,  denominated  the  hydroitatk 
paradox^  viz.  that  it  is  possible  to  make  any  quantity  of  fluid, 
nowever  small,  balance  a  weight,  or  quantity  of  fluid  however 
large, — ^we  veil]  endeavour  to  explain  the  principle,  as  well  as  the 
problem  itself,  known  under  the  tide  of  the  hydrostatic  paradox 
and  which  is  usually  illustrated  by  what  is  called  the  hfirottatic 
beBows,  mentioned  in  this  work ;  and  on  this  principle,  the  hydro- 
static press,  now  generally  known,  is  constructed,  and  whichy 
as  it  is,  in  fact,  a  new  mechanical  power,  or  a  power  but  lately 
applied  to  any  usefiil  purpose,  a  description  of  the  machine,  in 
its  most  simple  form,  may  be  acceptable  to  our  readers :  and, 
first,  as  respects  the  hydrostatic  bellows,  (which  the  reader  will 
excuse  me  for  again  repeating,)  let  AB,  CD  {Fig.  1.  PL  C)  be 
two  boards  joined  togemer  in  the  manner  of  a  pair  of  bellows, 
but  having  no  valves :  in  any  part  of  AB,  the  upper  board,  let 
there  be  a  small  pipe,  as  £F,  inserted  :  now,  these  boards  vnU,  in 
their  natural  state,  rest  on  each  other,  and  if  we  pour  ai^  fluid, 
as  water,  into  the  tube  at  E,  it  will,  of  course,  raise  tl)e  board 
AB,  ^nd  fin  the  space  included  between  AB  and  CD :  now,  if 
weights,  as  shewn  at  G,  be  placed  on  AB,  they  will,  of  course, 
force  the  water  up  in  the  tube  DF:  and,  supposing  the  water 
included  between  ABCD  to  weigh  one  hundred  weight,  it  is 
natural  to  suppose  that  if  the  weight  laid  on  AB  excc^ed  one 
•hundred  weight,  the  whole  of  the  water  would  be  expelled,  and, 
of  course,  raise  in  the  tube  EF,  which,  if  long  enough,  would 
contain  the  whole  of  it ;  or,  if  not,  it  would  run  out  at  the  end  £ ; 
and  so  it  ought  to  do  upon  principles  purely  mechanical.  But  if 
,we  advert  to  the  simple  principle,  that  fluids  press  equally  in  all 
directions,  which  experiment  fully  justifies,  and  also  that  a  fluid 
poured  into  a  tube,  bent  into  any  form,  vnll  raise  itself  in  each  leg 
of  the  bent  tube  to  equal  heights,  or  that  it  will  always  find  its 
level,  therefore  the  weight  on  AB  may  be  considered  as  the 
,weight  of  a  quantity  of  water  equal  to  one  hundred  weight ;  and 
if  a  tube,  as  AB,  {Fig.  2.  PL  C.)  be  joined  to  another,  ^  CD, 
of  a  diameter  equal  to  that  of  EF,  {Fig.  1.  PL  C)  the  water  in 
the  two  tubes  wul  be  at  equal  altitudes;  or  a  hundred  weight  of 
water  in  AB  will  balance  an  ounce,  or  less,  in  CD,  according  to 
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the  diameter  of  CD ;  so,  in  like  manner,  a  hundred  weight, 
AB,  {Fig.  1.  PL  C)  will  balance  an  ounce,  or  less,  of  flmd 
£F,  according  to  its  diameter.  Now,  it  is  plain,  that  as  wa 
always  finds  its  level,  if  we  suppose  the  tube  CD  of  sud 
diameter  that  six  inches  in  length  will  sustain  one  hund 
weight,  we  see  that  the  six  inches  in  CD  exactly  balance  the 
inches  in  AB.  In  like  manner,  if  the  diameter  of  the  cylinc 
formed  by  the  boards  ABCD,  (in  Fig,  1.  PL  C)  is  such  as 
contain  one  hundred  weight  of  water  in  six  inches  of  height,  £ 
the  diameter  of  the  tube  or  pipe  £F  is  such  that  six  inches 
length  shall  contain  one  ounce  of  water,  eveiy  hundred  wei 
placed  on  AB  will  balance  every  ounce  poured  into  the  t 
£F:  hence,  by  a  parity  of  reasoning,  if  the  tube  £F  is 
minished,  so  that  six  inches  in  length  shall  contain  but  * 
drachm  of  water,  it  will  still  balance  one  hundred  weight  pla 
in  AB  :  thus,  the  tube  is  of  sufficient  length,  we  may, 
a  small  quantity  of  water,  raise  any  weight  placed  on  the  bo 
AB;  and  hence,  we  see  that  a  small  pressure  on  the  fluid  in 
tube  EF  will  raise  a  weight  on  AB  so  much  greater  than  its 
as  the  diameter  of  AB  exceeds  that  of  £F ;  and  this  natun 
leads  us  to  the  principle  of  the  hydrostatic  press,  whidi  we  i 
now  describe. 

•  Let  AB  {Fig.  3.  PL  C)  be  a  pipe"  of  small  diameter,  say 
inch;  D£  anoUier  of  much  larger,  say  12  inches;  and  let  tl 
be  connected  together  by  the  pipe  BC ;  then,  if  we  pour  W9 
into  one,  as  AB,  it  will  raise  to  the  same  level  in  £D :  now, : 
piston,  or  a  plug,  is  fitted  into  the  tubes  AB  and  £D,  we  fi 
upon  the  prmciples  above  shewn,  that  a  small  weight  on 
piston  at  AB  will  balance  a  much  greater  one  in  the  tube  D 
thus,  by  a  small  pressure  on  the  end  of  the  piston  FG,  we 
enabled  to  raise  the  piston  HI;  so  thcit,  supposiiigtheetttf'l 
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valyes  that  retain  the  water  forced  into  "ED,  so  that  the  press 
shall  release  the  goods,  or  whatsoever  has  been  snl]je€ted  to  its 
action.  It  is  scarcely  necessary  here  to  remark,  that  the  action 
of  this  press  is  directly  the  contrary  of  the  common  press, — thi^of 
exerting  the  force  downwards,  while  this  does  the  same  in  an 
upward  direction. 

Prop,  83.  Scholium^ — ^Though  the  action  of  capillary  tubes  are  not 
the  subject  of  hydrostatic  laws,  as  the  term  has  been  introduced, 
and  is  several  times  mentioned  in  this  work,  it  may  be  as  well  to 
say  a  few  words  on  the  subject,  as  well  as  to  define  the  term. 

CapUlaty  Tubes  are  small  pipes,  or  canals,  whose  bores  are 
exceedingly  small  or  narrow — their  usual  diameters  being  about 
one-twentieth  or  one-thirtieth  part  of  an  inch,  and  some  much 
smaller  than  even  that.  Dr.  Hook  is  said  to  have  made  some 
whose  diameters  were  not  more  than  that  of  a  spider's  thread. 
Some  of  the  principal  phenomena  of  these  tubes  I  will  now  men- 
tion :  take  several  of  them,  of  different  sizes,  open  at  both  ends, 
and  immerse  them  a  little  way  in  water ;  you  will  immediately  see 
the  fluid  raise  up  in  tliem  to  different  heights,  according  to  their 
diameters,  ascending  the  greatest  height  in  the  smallest  tubes ;  and 
these  heights  have  been  ascertained  to  be  in  the  reciprocal  proportion 
of  their  diameters.  The  greatest  height  that  water  has  neen  seen 
to  ascend,  is,  according  to  the  experiments  of  Dr.  Hook,  about 
twenty-one  inches.  These  heights  are,  however,  not  the  same  for 
all  fluids,  for  some  elevating  themselves  considerably  higher  than 
others,  whilst  the  mercury,  instead  of  being  elevated,  falls  lower 
than  the  surfece  in  which  it  is  immersed.  Another  extraordinary 
phenomenon  is,  that  if  a  fluid  is  suspended  in  a  capillary  tube, 
and  suffered  to  run  out,  it  will  only  drop  from  it  slowly;  but  if  die 
tube  is  electrified,  it  will  run  out  m  a  continued  stream.  These 
phenomena,  though  differing  from  the  general  principles  of  hydro- 
statics, have  not  yet  been  sufficiently  investigatea,  though  they  seem 
to  depend  upon  the  general  principle  of  attraction,  or  that  prin- 
ciple which  bodies  have  to  adhere  together,  some  in  a  greater  and 
otners  in  a  less  degree,  while  some  seem  endowed  with  a  repelling 
propensity,  and  endeavour  to  fly  from  each  other.  These  different 
qualities  seem,  in  my  opinion,  to  depend  more  upon  the  chemical 
uian  the  mechanical  properties  of  bodies;  and,  therefore,  till  some 
series  of  experiments  nave  been  accurately  made,  it  will  be  in  vain 
to  attempt  to  lay  down  any  general  rules,  or  submit  to  calculation 
the  forces  of  capillary  attraction. 

Prep,  84.  Homo^eneom  is  a  term  applied  to'  all  bodies  that 
are  of  equal  densities  throughout,  or  are  composed  of  a  collection 
of  particles  of  the  same  nature :  thus— metab,  stones,  &c.  are  said 
to  be  homogenous  bodies ;  and  this  term  is  used  in  opposition  to 
heterogeneous,  or  that  which  is  made  up  of  a  mixture  of  sub- 
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stances  differtDg  from  each  other  in  their  nature  and  qualities ;  tl 
a  ball  of  lead  is  an  homogeneous  body ;  while  one  made  up  c 
mixture  of  metal^  wood,  stone,  &c.  such  as  a  building,  or  a  si 
is  called  an  heterogeneom  boefy :  and  this  is  what  is  meant  in  C 
3.  of  the  same  Proposition. 

Prop,  84.  Car,  3. — ^This  Cor.  may  be  very  aptly  illustrated 
the  motion  of  an  arrow,  where,  from  the  head  being  much  heai 
than  the  shaft,  the  centre  of  gravity  is  very  near  the  head,  and 
centre  of  magnitude  that  point  which  is  at  equal  distances  ft 
the  two  extremities  of  the  arrow ;  hence,  in  its  motion,  the  cei 
of  gravity,  or  that  point  near  the  head,  goes  foremost  while 
centre  of  magnitude  follows  it  as  here  stated. 

Prop.  84.  Cor.  4. — ^This  Cor.  seems  to  imply,  that  if  the  be 
which  is  placed  iu  ther  fluid  is  of  either  greater  or  less  specific  g 
vity,  it  wiU  be  always  in  motion ;  whereas,  what  is  meant,  is  sim; 
that  if  the  body  is  heavier  than  the  fluid,.it  will  continually  sink  ii 
till  it  reaches  the  bottom  of  the  vessel  whidi  contains  the  fluid ;  oi 
it  is  ligfater  than  the  fluid,  it  will  always  raise  towards  the  surfiace, 
it  be  placed  in  any  part  of  the  fluid  beneath  that  sur&ce ;  but  tl 
if  it  is  of  the  same  specific  gravity  as  the  fluid,  it  will  remain  at  n 
if  placed  in  any  part,  and  will  not  have  a  tendency  either  to  desce 
or  ascend. 

Prop,  85.— rOn  the  principles  shewn  in  this  Proposition  depe 
the  use  and  construction  of  the  hydrostatic  balance^  or  machine 
ascertaining  the  specific  gravities  of  bodies,  and,  consequently^ 
appli^  to  Sie  arts,  the  quantity  of  any  alloy  mixed  with  me  gold 
silver  which  we  manu&cture,  either  into  coin,  or  different  artic 
of  utility  or  ornament;  the  jprinciple  of  which  is  as  follows.  Fir 
we  wei^  the  artide  in  the  in  the  common  way ;  then,  suspei 
ing  it  from  the  scale  by  mesgss  of  a  horse  hair  or  otherwise,  we  let 
Jiang  in  a  vessel  of  Mtor,  and  balance  it  by  weights  m  tlie  ott; 
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dirmtief'y  or  tn&chiato  §ot  tiscfurtaining  the  spedfic  gravity  of  fluids, 
i&jmtioned  tn  this  iiroik  at  page  304.  Hence,,  we  Sad  the  dififetent 
strength  of  spirituovis  li(|ttors  by  its  meaas,  as  th^  stronger  the  spirit 
is,  the  deeper  will  the  instnunent  sink  in  when  immersed;  and 
the  contrary. 

Prop.  105.  Car,  1.  Lee-Mftofi — Lee  is  a  term  used  in  naviga- 
tion, and  implies  the  quarter  of  the  compass  towards  which  the 
Irind  blows ;  thus,  if  the  wind  is  in  the  w^  or  blowing  from  that 
quarter,  we  say  that  the  east  is  leeward ;  aad  thus  the  lee-way  is 
me  deviation  from  the  pmnt  of  the  compass^n  which  we  are  steer- 
ing towards  that  quarter  to  which  the  wind  blows,,  or  a  drifting 
from  the  line  of  direction  in  which  we  wisdi  to  sail,  caused  by  the 
wind  bld¥fin'g  in  an  bblique  dtreetien,  on  the  sails,  hull,  &9.  ai  the 
vcfis^d. 

Prep,  105.  Cor,  4. — For  instance,  if  a  ship  is  sailing  with 
ike  force  of  the  wind  acting  cm  her  sails,  and  at  the  same  time  is 
driving  with  liie  force  of  a  current  in  her  stesn,  in  the  same  direc- 
tion, we  must,  in  K>i^r  to  find  the  force  vnih  which  the  wa;ter  acts 
on  her  astern,  subtract  the  velocity  produced  by  the  force  of  the 
wind  from  die  velocity  produced  by  the  effect  -of  the  pressure  of 
Water-on  the  «tem  of  the  vessel;  thus,  calling  the  velocity  pro- 
duced by  Ihe  wind  x,  and  tiiat  by  >the  cunent  the  whole  abso- 
lute velocity  of  the  ship  would  be  ^r-hy,  that  is,  if  we  supposed 
jrzz,  3  miles  per  hour,  and  ^ = 4  miles  per  hour,  the  velocity  ought 
to  be  2-1-4  =:  6  miles ;  but  as  the  whole  force  ;of  the  current  cannot 
be  exerted  to  impel  the  vessel  forward  as  it  is  in  motion,  the  rela- 
tive velocity  of  these  two  forces  must  be  taken  instead  of  the  abao- 
lute  velocity ;  that  b,  we  must  subtract  the  velocity  «  produced  by 
the  wind  from  the  velocity  y  produced  by  the  stream,  that  is,  y^a 
zthe  relative  velocity  of  the  stream,  and  from  hence  deduce  the 
force  of  the  water  on  the  stem  of  the  vessel  by  this  Proposition 
and  its  Corollaries. 

Prop.  111. — It  is  here  necessary  to  say  something  respecting 
what  is  mentioned  in  reference  to  Pig,  11,  PL  XIV.  as  th&  original 
diagrauQ  given  in  the  :plate  in  the  quarto  edition  is  not  sufficiendy 
plain.  We  have,  in  our  diagram,  endeavoured  to  make  the  figure 
more  so,  by  representing  the  cycloidal  tooth  £B,  as  well  as-  the 
crooked  tooth  A6,  and  the  bent  tooth  AG,  somewhat  plainer;  but 
still  we  do  not  feel  satbfied  that  it  is  suflidently  intelligible  to  the 
workman,  and  shall  therefore,  from  the  same  principles,  endeavour 
to  shew  what  is  here  meant,  and  illustrate  it  by  a  diagram  some- 
what different  in  form,  but  more  clear  in  tiie  construction.  ^Let 
A  and  B  4.  Pl,  B)  be  two  wheeb,^of  any  diameters,  equsd  or 
unequal,  and  let  the  line  CD  represent  theiiaee  of  a  tootH-mrmed 
into  an  epicycloidal  figure  by  the  revolution  of  the  wheel  A  about 
that  of  B,  and  let  £F  be  a  crooked  tooth  of  any  form,  so  that  it 
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Mmll  not  touch  the  point  D  of  the  tooth  DC ;  then  if  the  wheel  2 
made  to  revolve  on  its  axis,  the  tooth  £F  will,  bj  picgiug<m  ] 
cause  the  wheel  B  to  revolve  with  an  equable  modoa  abool 
axis,  and  by  that  motion  the  teeth  will  assume  die  posidaB 
shewn  at  GII  and  KI,  when  the  tooth  GH  will  leave  the  pom 
of  the  tooth  KI.  Then,  if  we  suppose  other  teeth  in  the  ciici 
ference  of  the  wheels  A  and  B  so  |)laced,  that  as  soon  as  < 
crooked  tooth  is  leaving  the  epicycloidal  tooth,  another  crod 
tooth  shall  have  just  touched  another  epicycloidal  one^  asafaewi 
the  figure,  an  equable  motion  will  be  produced,  and  the  whi 
will  revolve  widiout  being  either  accelerated  or  retsizded  dm 
thtir  revolution  about  their  axis. 

JVf^.  111.  Page  145.— In  reference  to  Fig.  2.  PL  XV,  if 
iiotches  in  the  machine  DO  are  all  right  lines,  the  motion  vnll 
uotform ;  but  if  parabolic  curves,  the  motion  will  be  accelerated. 

Prop.  112. — In  changing  the  direction  of  any  motion  by  me 
of  pullies,  as  here  shewn,  the  line  of  direction  must  be  neaiij 
quite  in  the  same  plane ;  thus,  the  pallies  B,  C,  D,  &c^  most  be 
same  plane,  thougli  the  direction  of  the  power  may  be  varied  in  t 
given  direction  in  that  plane;  for  if  the  pullies  are  not  situated  io  1 
same  plane,  or  nearly  so,  the  rope  or  cord  going  round  diem  v 
slip  from  the  groove  or  channel  of  the  pnlley,  or  if  not,  will  bear  w 
une()ual  pressure  on  the  axis  of  the  pullies,  and  cause  a  great  d 
of  friction  and  a  considerable  loss  of  power ;  for  suppose,  in  Fig. 
PL  XV.  the  pullies  B,  C,  and  D,  to  be  not  in  the  same  plane  as  1 
direction  of  the  power  A  B,  it  is  evident  that  there  will  be  not  01 
a  strain  upon  the  axis  of  the  pullies,  but  that  the  cord  or  rope  goi 
round  them  will  constantly  rub  on  the  sides  of  the  grooves  of  1 
pulley  and  endeavour  to  slip  out.  This  in  practice  is  endeavoured 
06  remedied  by  suspending  the  pullies  by  ropes  or  hooks,  so  tl 
tlteir  several  axes  shall  accommodate  themselves  to  any  deviati 
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ABC  lies  in  the  same  plane;  now,  in  order  that  the  pulley  at  B 
should  moYe  freely  without  the  rope  heing  liable  to  slip  out  of  the 
groove,  or  its  edge,  or  be  strained  by  the  rope  bearing  unequally 
against  the  sides  of  the  groove,  it  is  necessary  that  the  axis  of  the 
pulley  should  be  fixed  in  a  perpendicular  direction  to  the  plane 
ABC.  In  like  manner  when  the  direction  is  changed  from  a  verti- 
cal to  an  horizontal  direction  by  means  of  another  pulley  C,  it  is 
necessary  that  the  pulley  C  should  be  so  fixed  that  its  axis  should 
be  perpendicular  to  the  plane  BCD ;  in  the  same  manner,  if  the 
motion  is  to  be  oblique,  as  shewn  at  BEF,  the  pulley  E  must  have 
its  axis  perpendicular  to  the  plane  BEF,  and  so  on  for  any  number 
of  puUeys  or  any  change  of  direction ;  and  thus  we  see,  that  to  ena- 
ble us  to  change  the  direction  of  a  power  by  means  of  the  pulley,  it 
'  must  be  an  invariable  rule  to  fix  ue  axis  of  the  pulley  in  a  plane 
in  a  perpendicular  direction  to  that  in  which  the  rope  that  goes 
over  it  moves. 

Frop.  112. — ^In  changing  the  direction  of  motion  by  means  of 
wheels,  as  shewn  in  Fig.  1 .  Fl.  XVI.  we  have  but  a  hint  of  the  me- 
thod now  so  much  in  use  in  all  millwork,  which  is  technically 
termed  heveUgeer^  the  principles  of  which  we  will  endeavour  to  lay 
down,  as  well  as  the  methods  in  common  use,  to  adapt  the  bevel 
of  tfaetee^  of  such  wheels  to  each  other  as  they  will  move  vrith  the 
least  friction,  and  press  equally  on  all  parts  of  the  teeth  during 
their  revolution. 

Let  AB  {Fig,  6.  Fl  B.)  be  the  direction  of  the  axis  or  shaft  of  a 
wheel,  and  it  is  required  to  change  the  direction  of  the  motion 
(without  regard  to  the  velocity  which  we  will  here  stqjpo8e,for  exam- 
ple, the  same,)  by  a  shaft  situated  in  AC ;  let  us  suppose  a  cone 
AFD,  placed  on  the  shaft  AB,  and  another  of  equal  dimensions  on 
the  akm  AC,  (the  shaft  passing  through  their  centres,)  such  that  FD 
=DE,  it  is  evident  that  if  grooves  were  made  in  both  cones  from 
their  iMises  to  their  vertices,  diminishing  from  their  bases  and  slips, 
placed  in  those  grooves,  that  by  placing  there  these  slips,  which  act 
as  teeth  between  each  other,  if  we  make  the  cone  FAD  revolve  on 
its  axis,  it  will  also  make  DAE  revolve  on  its  axis ;  thus  producing 
a  motion  in  the  shaft  AC  at  an  angle  BAC,  equal  to  the  direction 
in  which  we  wish  it  to  move ;  and  if  we  suppose  the  parts  of  the 
cone  AGB  and  ABI  cut  away,  there  will  remain  the  bevel-wheels 
GFBD  and  BDEI,  which  is  the  principle  of  the  bevel-geer.  Now 
if  we  wish  the  velocity  of  the  shaft  AB  to  be  ereater  or  less  than 
AC,  we  must  augment  the  diameter  of  the  wheel  FD,  or  reduce 
it  in  the  same  ratio  as  FD  is  to  DE,  or  the  line  AD  must  divide 
the  angle  BAC  in  the  same  ratio  as  we  vmh  the  velocity  of  the 
vidieels  FD  and  DE  to  moye.  Hence,  we  see  that  the  bevel  of  the 
wheels  C  and  D,  {Fig,  1.  FL  XVI,)  must  be  such,  if  we  suppose 
their  shafts  produced,  till  they  meet ;  a  line  drawn  from  that  point 
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to  the  meeting  of  die  circumference  of  tht^  wheels  will  determine 
the  angle  or  bevel  of  theit  edges,  so  as  they  will  work  freeljr  and 
equally  tog edier. 

Frop.  1 13. — The  methods  of  regulating  the  motion  of  machines 
by  means  of  pendulums  are  more  especially  adapted  to  clock  workj, 
and  accordingly  have  been  studied  with  great  care  to  produce  a 
uniform  and  steady  motion  in  the  hands  of  the  dock,  and  are 
known  by  the  teehnical  terms  of  scapementSf  or  escetpernents.  ^'ig.  I, 
FL  XYL.  is  the  common  vertical  scapement,  and  which,  though  re- 
gulating ilie  movement^  causes  the  hand  which  is  f^xed  on  the  axis 
FG,  to  point  out  seconds  of  time  in  common  clocks ;  where  tlie 
pendulum  swings  seconds^  at  the  same  time  it  causes  a  kind  of  ot- 
cilating  movement  in  the  band,  so  that  it  appears  to  move  not  by 
direct  impulses  in  one  direction,  but  after  proceeding  forward*  is 
made  to  go  back  a  part  of  the  space  in  which  it  has  advanced.^ 
Fig.  3.P/;XVL  IS  the  common  horizontal  escapement,  and  is  liaJ^le 
to  the  same  objections.  Odier  escapements  that  cause  the  haad  to 
proceed  by  reguliir  impulses  one  way  only,  are  called  dead  beat 
scmpemenis,  and  are  numerous,  as  the  ingenuity  of  the  artist  or 
convenience  of  the  construction  dictates. 

Prop.  1 19. — would  call  the  attention  of  the  ttiecbanie  more 
particularly  to  this  Proposition,  as  it  contains  such  rules  and  ob* 
aervatious  in  tlie  application  of  theoretical  mechanics  to  the  con- 
struction of  machines  and  engines  that  will,  if  properly  attended 
to,  enable  us  to  apply  vntb  the  greatest  possible  advantage  any 
power  we  are  in  poasea^ion  of,  to  produce  the  laaximum  of  effect, 
and  in  such  a  manner,  that  we  shall  not  encumber  our  engines  with 
a  multiplicity  of  parts  altogether  tin  necessary  to  the  purpose  we 
bave  in  view  J  tlius  enabling  us  to  avoid  a  waste  of  material  or  an 
\mneccessary  est  pence  in  the  manufacture.  The  eighteen  rul^  here 
^ven  embrace  all  the  precautions  that  are  absolutely  necessary  to 
ensure  perfection,  as  well  as  many  principles  deduced  from  actual 
experiment,  which  will  guide  us  in  the  application  of  machinery  to 
the  various  purposes  of  life. 

We  will  J  therefore,  for  the  sake  of  illustmtion,  suppose  a  case, 
in  which  it  is  required  to  raise  a  weight  of  one  ton  by  die  strength 
t?f  an  individual,  who  is  capable  of  exerting  for  a  continuance 
%  force  of  30  pounds*  Here  we  have  the  proportions  of  the  power 
to  the  weight :  now  we  have  seen,  that  if  a  lever  is  supported  at 
%  point,  whicli  divides  the  whole  length  of  the  lever  into  two 
tearts,  in  the  same  proportion  as  tlie  power  is  to  the  weight,  it  will 
be  balanced  on  the  point  of  support  or  fulcrum,  the  longest  arm 
of  the  lever  being  that  to  wbicfi  the  power  is  applied,  and  the 
•hortest  that  to  which  the  weight  is  suspended ;  now,  if  in  our 
Sample  we  ^pply  ^  lever  so  divided,  in  the  proportion  of  30  lb. 
to  1  ton,  or        lb.  we  shall  be  able  to  support  (naving  a  fulcrum 
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at  that  point)  the  weight  required ;  attd  to  raise  tiiis  weighty  we 
need  only  lengthen  Sie  longest  ann  of  the  lever,  and  we  shall 
overcome  the  resistance  of  the  weight;  or  the  strength  of  one 
man  with  a  lever  so  constructed  will  be  su£Scient  to  overcome 
the  weight:  but  as  the  lever  is  calculated  to  raise  bodies  beet 
a  small  distance,  if  we  were  required  to  elevate  the  body  much 
above  its  original  situation,  we  must  have  recourse  to  other  me- 
chanic^ {)owerS^  such  as  the  pulley.  We  will  now  examine  how 
thkt  vrill  answer  our  purpose.  In  the  body  of  the  work  we  have 
seeti  that  a  fixed  pulley  only  changes  the  direction  of  the  power, 
and  does  not  increase  it,  and  every  moveable  one  doubles  the 
power,  and  in  a  combination  of  pullies,  as  generally  used,  the 
power  is  increased  according  to  the  number  of  moveable  pullies ; 
or  as  many  times  as  the  rope  goes  round  the  lower  pullies,  so 
many  times  the  power  is  incresSied  by  2 ;  that  is,  if  the  lower 
shieve,  or  block,  contains  3  puUieS,  for  instance,  the  poweY  is 
equal  to  6 ;  now,  in  order  to  find,  in  our  example,  how  many 
pullies  there  should  be  in  the  lower  block  to  raise  one  ton, 
or  21^40  pounds,  with  a  power  of  30  pounds,  as  the  double  of 
30  is  60,  .which  will  be  the  weight  we  can  balance  with  a  move- 
able pulley ;  if  we  add  another  pulley  also  moveable,  we  shall 
have  a  power  of  120,  and  so  on  as  shewn  in  Fig,  3.  PL  XXI. 
We  fin^  that  with  7  moveable  pullies  we  shall  be  able,  with  the 
striength  of  one  man,  to  raise  3840  pounds ;  whereas  6  pullies 
will  raise  but  1920  pounds,  insufficient  for  our  present  purpose; 
hence,  we  find  that  with  the  pulley  we  cannot  enect  our  purpose 
in  this  case  conveniently ;  and  the  common  way,  as  at  Fig,  7. 
PL  IV.  has  still  less  power.;  therefore,  let  .  us  try  what  we  can  do 
with  a  combination  of  wheels  acting  as  perpetual  levers ;  in  order 
to  effect  which,  let  ABC  {Fig.  1.  P/.  C)  be  a  lever,  and  let  it  te 
divided  in  B,  so  that  AB  :  BC  as  the  weight :  the  power ;  hence  we 
find  that  the  proposition  of  AB  to  BC  is  as  74§  to  1 :  that  is,  if  we 
havie  only  two  wneels  in  this  proportion  of  their  diameters,  a  pro- 
portion too  great  for  actual  practice  (being  nearly  that  of  rour 
inches  to  23  i  feet,)  if  the  power  acts  at  the  circumference  of  one 
wheel,  and  the  weight  at  that  of  the  other ;  or  if  we  suppose  the 
weight  to  be  raised  by  means  of  the  wheel  and  axle,  and  if  the  axle 
is  4  inches  diameter,  the  wheel,  in  order  to  move  the  weight  or 

froduce  an  equilibrium,  must  be  about  23i  feet ;  we  will  therefore 
ivide  the  weight,  say  into  10  parts,  that  is,  we  will  suppose  that 
vire  have,  widi  a  power  of  30,  to  lift  2  hundred  weight,  or  224 
^pounds,  instead  of  one  ton,  and  then  by  the  application  of  another 
wheel,  (on  whose  axis  is  a  handle,)  applied  to  this,  we  shall  be  able 
to  increase  the  power  tenfold,  which  will  enable  us  to  overcome 
the  weight  proposed,  viz.  one  ton.  Let  us  see  how  this  will  now 
apply.   Let  AB  (  Tig.  2.  PL  C)  be  a  wheel,  on  whose  axis  B  a 
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cord  is  wound,  which  is  connected  with  the  weight  whidi 
have  supposed  224  pounds;  then  if  the  radius  of  the  aode  Bis 
the  radius  of  the  wheel  A  as  30  is  to  224,  or  if  the  radius  oiA 
something  more  than  7^  times  a  power  of  30  pounds  appliec 
the  circumference  A  will  balance  the  weight  W.  Now,  if  the  we^ 
W  is  increased  ten  times,  we  must  apply  a  force  at  A  ten  tii 
greater  than  30,  that  is  300  pounds,  to  balance  it.  We  will  the 
fore  apply  that  force  to  A  by  means  of  another  .wheel,  wh 
is  turned  by  a  winch  or  handle  with  the  force  of  30  pounds ; 
have  therefore  to  find  the  diameter  of  the  second  wneel,  such 
that  with  a  lever,  D£,  of  two  feet,  (supposing  that  the  length  of 
handle,)  we  shall  be  able  to  exert  a  force  of  300  pounds  at 
circumference  of  the  wheel  C ;  we,  therefore,  say,  as  300  poun 
the  force  to  be  overcome  by  DE,  is  to  30,  the  force  applied  at 
so  is  the  length  DE  to  the  radius  of  the  wheel  C,  which  will 
found  about  1^  inches  to  balance  the  resistance ;  and  if  the  lenj 
of  the  handle  DE,  or  the  radius  of  the  wheel  A,  is  increased  b; 
small  quantity,  we  shall  be  able,  with  a  force  of  30  pounds  appl 
at  E,  to  raise  a  weight,  as  W,  of  a  ton,  or  2240  pounds ;  and  tnl 
the  most  simple  form  of  the  crane  in  common  use ;  and  note,  tl 
the  size  of  the  wheel  A  and  axle  B  may  be  increased  or  diminish 
as  convenient,  but  so  that  their  proportions  shall  always  be  to  es 
other  as  here  stated;  and  by  attending  to  the  rules  laid  down  in  1 
Proposition  respecting  firiction,  we  shall  always  be  able  to  invi 
a  machine  to  overcome  any  resistance,  and  avoid  gi\ing  m< 
power,  and  consequently  a  waste  of  labour  and  material,  than  ¥ 
be  sufficient  for  the  purpose  to  which  we  wish  to  apply  our  i 
gines. 

Exampk  17.  Page  172. — ^In  considering  this  example,  we  j 
naturally  led  to  inquire  the  ^ength  of  an  oar  to  row  a  boat  w 

the  i^reatest  possible  advantage ;  for  tmr  autboi^  ha^  clearly  fihei 
that  loni^  Otir^a  hrive  the  disadvantaijf:  of  losing  power,  Lhou^hj 
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against  it.  AVith  regard  to  the  second,  it  depends  on  the  strength 
of  the  individual :  and  as  we  have  seen,  page  159,  that  a  man, 
generally  speaking,  can  draw  horizontally  about  70  or  80  pounds, 
which  is  about  haU*  his  weight,  and  is  the  same  thing  as  pulling 
the  end  of  the  oar ;  and  as  a  man  can  exert  a  force  of  30  pounds 
at  the  handle  of  a  vnndlass  by  his  muscular  powers,  so  ft  boat- 
man, having  his  feet  firmly  fixed  against  the  thawts  of  the  boat, 
vnll  be  enabled  to  add  something  by  muscular  power  to  the 
70  or  80  pounds  depending  on  his  absolute  weight;  we  can  there- 
fore suppose  it,  without  much  error,  as  a  force  nearly,  if  not 
quite,  100  pounds :  and,  in  the  third  place,  the  distance  of  the 
handle  of  the  oar  from  the  pins  in  the  side  of  the  boat,  (and  this 
depends  upon  the  width  of  the  ix)at  itself;)  for  if  the  man  sits  on 
the  opposite  side  of  the  boat  to  that  of  where  the  oar  goes  in  the 
water,  it  will  allow  him  a  levers^e  of  the  width  of  the  boat 
itself  nearly. 

We  vnll  now  apply  this  to  the  investigation  of  the  follovidng 
problem :  Given  the  resistance  a  boat  meets  toith  in  going  throu^ 
the  water f  the  strength  of  a  man  to  pull  at  the  oar,  and  the  length  of 
that  part  of  the  oar  within  the  boat ;  it  is  required  to  ascertain  the 
length  of  that  part  of  the  oar  over  the  boafs  side  that  shall  be  mast 
advantageous.  We  will  examine  this  problem,  considering  the  end  of 
the  oar  in  the  water  as  resting  against  it  as  a  iiilcrum ;  the  power 
as  placed  at  the  other  end  of  &e  oar  or  lever ;  and  the  resistance  as 
the  part  of  the  oar  pressing  on  the  pins  on  the  side  of  the  boat. 
Let,  therefore,  AEB  (Fig.  2.  PI.  C)  be  the  side  of  the  boat,  CED 
the  oar,  ED  the  part  in  the  boat,  EC  the  part  over  its  side ;  now, 
calling  ED=a,  the  resistance  opposed  to  the  point  F=:6,  and  the 
force  applied  at  D=:c,  we  have  to  determine  the  proportion  of 
ED  to  EC,  so  that  the  velocity  of  the  point  E  may  be  a  maximum, 
or  the  greatest  possible.  Now,  without  entering  on  any  fluxional 
calculus,  but  merely  from  mechanical  principles,  it  is  plain  that 
the  velocities  of  the  points  E  and  D  will  be  in  the  same  proportion 
as  CE  is  to  CD;  therefore  it  would  seem  that  the  nearer  the  point 
E  is  to  D,  the  greater  the  velocity.  But  it  is  plain,  that  if  E  is  very 
near  D,  the  force  applied  at  that  point  will  be  unable  to  overcome 
the  resistance  at  the  point  E ;  therefore  the  point  E  must  be  so 
situated,  that  the  force  applied  at  D  shall  be  able  to  overcome  the 
resistance  at  E;  and  this  is  the  point  where,  if  we  place  £,  the 
boat  will  be  moved  with  the  greatest  velocity;  that  is,  if  CE  is  to 
ED  in  the  same  proportion  as  the  force  at  D  is  to  the  resistance 
at  E,  the  boat  will  be  moved  with  the  greatest  velocity,  or  the 
power  will  be  used  to  tlie  greatest  advantage  to  propel  the  vessel : 
thus  we  find  that  we  are  enabled,  in  the  commotb  wherries  used  on 
the  Thames,  to  apply  longer  oars  than  in  ship  boats,  as  the  iormer 
ofifer  less  resistance,  from  their  sharp  construtition,  than  the  latter, 
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whose  Uows  afe  more  romad.  TUu^  knowing  the  resistance  tlje 
wafer  fives  to  the  motioa  of  thfe  boat,  with  tlie  force  applied  ai 
the  end  of  the  oar,  we  can  deterciiine  the  length  of  the  oar  itself 
to  prodace  the  greatest  possible  effect  in  monng  the  boat. 

Eiample  29.  Pa^e  179. — The  latter  part  of  this  example  needs 
ioioe  little  illuiitratioD,  where  it  is  observed  that  wlien  GD  h 
greater  than  the  radius  OH+R,  the  cbanot  will  move  forward, 
&c.  That  15,  if  the  force  of  the  wiijd  on  the  sails  is  sufficient  to 
overcome  tlie  friction  of  the  carriage  in  moviDg,  together  with  Ibe 
foft^e  of  the  wind  acting  against  the  body  of  the  chariot,  it  will 
move  against  the  wind :  hence^  we  see,  that  unless  that  is  the 
the  sails  will  have  no  eflect,  but  the  wind  w^ill  exert  itself  on 
the  chariot  aloae  to  produce  a  motion  in  it ;  or  if  these  two  forces, 
Tiz.  that  of  the  wind  agaiust  the  sail,  and  that  apinst  the  chariot, 
are  eqoal,  no  efleci  at  all  will  be  produced.  This  explanation 
may  be  necessary,  as  it  seems,  ou  the  first  view  of  it,  to  imply 
that  the  sails  produce  a  propessive  and  a  retrograde  motion,  ac- 
cording to  the  power  the  wind  has  OFertbem,  when  compared  with 
the  resistance  offered  by  the  mast  and  vessel  itself;  and  here  it  is 
evident  that  this  construction  of  a  sailing  chariot  will  produce 
a  progressive  motion,  let  the  wind  blow  from  any  point  of  the 
compass ;  for  if  the  power  of  the  sails  is  sufficient  to  produce 
motion,  when  the  wind  is  directly  contrary,  much  mora  will  it 
produce  motion  when  the  wind  b  more  fiivourable,  as,  in  diat 
case,  the  resistance  of  the  wind  against  the  chariot  is  talten  away, 
and,  if  directly  in  favour,  will  augment  the  speed  of  it* 

Eimnpk  32*  Pa^e  180. — VVitli  respect  to  the  syphon,  as  nsed 
for  drawing  off  liquors,  &c.  the  following  form  is  commonly 
adopted:  ACB  {Fig*  4.  P/.  D)  is  a  iiibe,  or  pipe,  of  copper,  or 
metal,  having  the  leg  A  about  a  foot  or  eighteen  inches  longer 
than  B ;  at  E  i«  a  slop-cock,  CD  a  small  tube  soldered  into  the 
leg  A,  and  opening  into  it  at  C,  and  having  the  end  D  open,  and 
turned  up,  to  apply  the  month  to  draw  out  the  air  after  having 
immersed  tlie  end  B  in  tlte  liquor,  and  stopped  the  end  A  by 
turning  the  cock  E;  then^  by  opening  the  cock  E,  the  liquid  flows 
out  at  A  ;  and  when  you  have  filled  your  vessel j  you  may  turn 
the  cock  J  and,  at  any  time,  draw  off  more  liquor,  without  again 
extracting  the  air  a  second  time.  We  may  here  observe,  that  the 
pipe  DC  is  much  smaller  than  AB ;  or  otherwise,  if  the  liquor 
did  not  flow  faster  from  A  than  it  passes  by  the  end  of  the  pipe 
at  C»  it  would  flow  out  at  the  end  D,  if,  at  any  time,  it  should  be 
^  lower  than  the  sur&ce  of  the  cask,  or  vessel,  which  you  are  emp- 
tying ;  also,  we  must  observe,  that  the  point  C  (where  the  small 
tube  is  inserted  into  A B)  must  always  be  below  the  surface  of  tlxe 
Uquof,  or  the  syphon  will  cease  to  flow. 
Mmmpk  34.  P^'^  163- — I^e  rules  here  given  fiar  oar  judgraeut 
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of  the  weather  by  the  barometer,  are  not  absolutely  to  be  depended 
on  in  all  cases ;  but  we  should  rather  judge  from  the  motion  up  and 
down  of  the  quicksiWer  in  the  tube,  than  from  the  actual  height 
at  which  it  stands,  and  judge  from  the  sur&ce  of  the  quicksilver 
whether  it  is  concave  or  convex,  whether  it  is  rising  or  falling:  ibr 
if  it  is  rising,  it  will  appear  very  convex ;  if  felling,  concave,  as  it 
adheres  in  some  measure  to  the  glass ;  indeed,  though  the  barometer 
may  shew,  with  correctness,  the  weight  of  a  column  of  air  pressing 
on  the  surface  of  the  quicksilver  in  the  basin,  it  will  not  always 
tell,  or,  more  properly,  foretell  the  state  of  the  atmosphere,  or 
whether  we  are  likely  to  have  foul  or  fair  weather ;  and  though 
many  observations  have  been  made,  there  still  seems  something 
wanting  to  enable  us  to  judge  with  any  degree  of  certainty  in  this 
respect;  for  in  different  latitudes,  and  under  different  circum-^ 
stances,  we  find,  often,  such  contrary  indications,  that  in  the 
present  state  of  our  knowledge  respecting  the  prognostics  of  tiie 
weather,  by  this  means,  we  are  often  led  into  many  errors,  whiqh 
time  alone,  and  experiment,  can  reconcile  to  the  phenomena  ob- 
served. Tliose  who  would  wish  to  see  more  ou  the  subject,  and 
a  multiplicity  of  observations,  will  find  their  curiosity  amply 
gratified,  by  a  reference  to  the  article  Barometer^  in  the  Sup- 
plement to  the  Uncyclopedia  Britannicay  or  -Rees'  JEncjfdopedM^ 
as  well  as  in  Barlow*s  and  Hutton's  Mathematical  DictUmary. 

Example  37.  Page  183. — ^The  application  of  the  principle  of 
Tantalus's  cup  to  practical  purposes  is  of  great  use,  in  many 
chemical  operations ;  as,  by  its  means,  we  are  enabled,  during  the 
process  of  distillation,  to  separate  the  oil  that  comes  over  from 
the  waters  we  are  distilling :  thus,  in  the  process  of  making 
lavender  water,  what  is  distilled  is  mixed  with  a  certain  quantity 
of  essential  oil  of  lavender,  which  is  separated  by  the  following 
means :  ABC  {Fig,  5.  PI.  D)  is  a  vessel  of  glass,  having  the 
spout,  or  syphon,  D£,  communicating  with  it  at  £ ;  then  as  the 
liquid  drops  from  the  still,  it  fills  the  vessel  AB  till  it  rises  to  a  b, 
above  the  oend  of  the  syphon,  and  it  will  run  out  at  D  till  it 
^Is  from  ab  to  c  d  level  with  D ;  it  then  fills  again,  and  again 
empties  itself,  thus  always  leaving  a  portion  of  the  liquid  at  the 
bottom  of  the  vessel :  now,  as  the  oil  which  comes-  over  with  the 
distilled  water  will  always  float  on  its  surface,  and  as  E  is  situated 
at  the  bottom  of  the  vessel,  the  oil  will  accumulate  on  its  surface, 
while  the  water  runs  out  at  D,  thus  saving  all  the  oil  by  itself  in 
the  vessel ;  and,  at  the  end  of  the  operation,  we  have  but  little  trou- 
ble to  separate  the  remaining  distilled  water  from  it ;  knd  this  ma- 
chine is  applicable  to  a  variety  of  similar  operations  connected 
with  the  arts  and  manufactures,  but  which,  more  properly,  belongs 
to  the  science  of  Chemistry  than  ^at  of  Mathematics ;  but,  as  the 
theory  of  the  syphon  is  introduced  as  a  part  of  hydrostatics>  this 
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iiy  in  some  measure,  connected  with  the  general  plan  of  the  w 
under  notice. 

ExampU  40.  Page  185. — By  the  inspection  of  the  figure  she 
in  Plate  27,  it  may  appear  that  the  horse,  in  trotting,  has  two  i 
up  on  one  side,  while  the  opposite  ones  are  down  :  now,  that  i 
mvr  not  lead  into  error,  we  may  here  remark,  that  though  the  i 
at  F  is  represented  as  lifted  up,  we  roust  suppose  that,  before 
foot  B  is  lifted,  it  is  placed  on  the  ground  at  F,  and  then  the  i 
foot  B  taken  off  the  ground ;  and  this  the  attentive  reader  ^ 
see  is  what  is  meant  in  this  example. 

EiBompIe  42.  Page  187. — It  has  often  struck  me,  in  observ 
the  motion  of  a  fi£  in  water,  that  the  air  bladder  has  other  p 
poses  than  that  of  simply  rendering  it  lighter  and  heavier  than 
surromiding  water,  so  as  to  enable  it  to  raise  and  sink  itseli 
pleasure ;  for,  firequently,  the  fish  is  in  a  perpendicular  directi 
either  with  its  head  or  tail  elevated :  now,  it  is  worth  enqu 
whether  the  fish  has  it  not  in  its  power  to  alter  its  centre  of  g 
fity  by  means  of  the  air  bladder,  so  that  its  head,  or  tail,  si 
preponderate,  thus  enabling  it  to  steer  itself  in  any  oblique 
even  perpendicular  direction  in  the  fluid ;  for,  by  very  atteni 
observation  on  some  gold  fish  in  a  large  reservoir,  it  appearec 
me  that  the  action -of  the  tail  and  &is  was  insufficient  for 
purpose,  and  that  they  seemed  only  to  use  the  fins  as  a  meani 
steadying  their  position,  or  balancing  themselves ;  for,  if  the 
bladder  itself  is  capable  of  but  a  smdl  movement  either  towa 
the  head  or  tail,  it  must  necessarily  cause  one  end  to  preponders 
and  thus,  as  it  shifts  the  centre  of  gravity  of  the  boay  of  the  fi 
it  must  produce  a  corresponding  ascent  or  descent  obliquely 
the  head  of  it ;  and  thus,  by  a  very  simple  piece  of  mechanU 
give  the  fish  the  means  of  advancing  in  any  required  direction, 
am  not  aware  that  this  idea  has  occurred  to  naturalbts,  1 
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arch  c  e,  (which  mudt  be  cut  oblique  to  the  plane  of  the  atch,) 
one  revolution  of  the  nut  at  D  will  move  fbrward  one  tooth 
the  ardi ;  and  it  is  on  this  principle  that  the  screw  is  applied  to 
our  astronomical  instruments,  to  enable  us  to  divide  and  sub- 
divide the  degrees  and  minutes  engraven  on  their  faces ;  for  if,  ^ 
for  instance,  one  tooth  of  a  wheel  represent  a  degree,  we  can,  if 
we  divide  the  nut  of  the  screw  at  D  into  60  equal  parts,  easily 
divide  each  degree  into  minutes,  or  sixtieth  parts  of  degrees ;  for, 
if  we  move  D  one  division  forward,  it  will  move  the  circle  a 
minute,  or  its  sixtieth  part;  and  thus,  by  means  of  this  con- 
trivance, we  can,  with  accuracy,  divide  either  a  circle,  or  straight 
line,  into  very  minute  portions ;  and,  hence,  the  combination  of 
the  screw  and  wheel,  as  applied  to  delicate  divisions  of  lines  and 
circles,  has  obtained  the  name  of  the  micrometer  screw, 

Haample  54.  Fage  191. — ^There  is  an  omission  in  the  plate  of 
the  stays,  S  S  S,  as  there  should  have  been  a  line  drawn  to  repre- 
sent them,  from  the  top  of  the  tall  posts,  to  which  the  puiUes 
are  fixed,  to  the  short  ones  represented  as  S  S  on  the  ground ; 
but  the  reader  wilLeasily  see,  from  the  figure  itself,  the  use  of 
these  stays,  and  where  they  should  be  placed. 

Example  61.  Fage  194.— The  description  ,  of  the  jack,*  for 
raising  great  weights,  here  given,  b,  as  &r  as  it  goes,  correct,  and, 
perhaps,  at  the  time  of  our  author's  vmting,  was  the.  only  one  in 
use ;  out,  as  there  have  been  many  later  improvements  in  this 
most  useful  engine,  I  shall  here  describe  them ;  and  would  first 
remark,  that  instead  of  the  case  KL  being  all  of  metal,  as  our 
author  describes,  it  is  of  one  solid  piece  of  strong  wood,  having 
the  wheels  and  rack  let  into  it,  and  fixed  in  their  places. by  iron 
straps,  or  plates;  also,  at  the  end  B  of  the  rack,  AB,  there  is 
a  strong  forked  piece  turned  up  at  right  angles  to  the  rack,  AB : 
so  that  when  we  wish  to  raise  any  thing  near  the  ground,  as  a 
block  of  stone,  and  the  end  B  is  very  near  the  bottom  of  KL ; 
then,  if  we  place  the  end  B,  of  the  rack  AB,  imder  the  stone,  and 
turning  the  handle  HI,  we  are  enabled  to  apply  the  end  B  in  the 
same  manner  that  we  applied  the  end  A  in  tne  example.  Another 
improvement  is,  in  having  a  catch,  or  rack,  fixed  to  the  handle  of 
the  machine;  so  that  after  we  have  elevated  the  body  to  the 
height  required,  we  are  enabled  to  prevent  the  wheels,  and,  con- 
sequently, the  rack,  AB,  fix>m  turning  backwards,  if  we  leave  go 
the  handle  I;  and  thus  prevent  many  accidents  which  would 
othervnse  arise. 

Another  method  of  employing  the  power  to  raise  AB,  instead 
of  the  pinion  EF,  and  common  toothed  wheel  G,  is,  to  have  as 
the  axis  of  the  handle  a  perpetual  screw,  whidi  works  in  the 
wheel  G,  whose  teeth  are  cut  beveling,  to  correspond  with  the  screw, 
as  shewn  in  Fig,  1.  FL  V. ;  this  adds  to  tiie  power  of  the  ma<^e. 
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and,  at  ttie  same  time,  we  can  more  easily  retain  the  wieight  in  any 
position.  The  third  method  i^^,  that  of  employing  a  screw  instead 
of  the  rack,  AB,  and  for  many  purposes,  is  mncli  more  con- 
venient, as  well  as  more  powerful,  and  has  the  advantage  of 
mamtainiug  itself^  with  the  weight,  in  any  required  position ;  the 
most  simple  form  of  which  is  represented  in  Fig.  1.  FL  where 
ABCD  is  a  lolid  block  of  w^ood,  AB  u  nut  in  which  the  aerew 
EFG  mores ;  at  F  is  a  piece  made  larger  than  the  screWj^  and 
pierced  with  holes  to  admit  a  lever  to  turn  the  screw ;  at  E  b 
a  nut  forketl  at  the  end,  to  tie  applied  to  the  body  we  wish  to 
elevate,  and  moveable  ahout  FG ;  fsence,  as  we  turn  the  screw, 
the  nut  E  is  elevated,  and  widi  it  the  weight ;  the  instrument,  in 
this  form,  is  much  used  among  buiiders  for  raising  or  supporting 
the  walls,  or  port  of  buildings,  when  sunk,  or  undergoing  alte- 
rations  in  the  lower  part,  when  we  do  not  wisli  to  disturb  the 
superfttructure. 

I  shall  here,  lastly,  describe  another  form  of  this  machine, 
which  appears  to  combine  all  the  requisites  of  strength  and  power : 
it  ia  represented  in  Fig.  2.  PL  E,  where  A  represents  the  stock  ; 
BB  a  screw,  with  a  square  thread,  and  a  fork,  F,  at  its  end,  fixed 
to  it ;  D  is  a  not,  on  which  is  a  wheel ;  C,  whose  edge  is  hol- 
lo wed,  and  cut  into  teeth,  to  work  in  the  axis  of  the  handle;  Bj 
which  is  cut,  with  a  screw  to  correspond,  and  which  goes  through 
two  strong  plates;  fl,  screwed  to  the  stock  A  :  now^  as  we  turn 
the  handle  E,  it  turns  the  wheel  C,  and,  with  it,  the  nut  D,  which 
raises  the  screw  B  ;  hence  the  end  F,  at  the  top,  or  the  hook  N,  at 
tlie  bottom  of  the  screw,  is  raised,  and,  of  conrscj  the  weight  is  sup- 
ported in  any  position  required. 

Extmfple  62.  Page  1 94,-1  n  this  example,  we  must  suppose  a 
platform  above  the  wheel  n  for  the  men,  or  horses,  to  work  at  the 
fever  L,  in  order  to  move  the  machinery. 

Mrample  65.  Pdgf  195,  Aneffioscope, — This  term  is  sometimes 
applied  to  an  in^itrumentj  by  which  we  arc  enabled  to  foretell  the 
cnanges  of  the  weather,  or  from  which  quarter  the  wind  is  likely 
to  blow,  and  thence  judging  of  the  probability  of  rain  or  fair 
weather ;  and,  in  this  sense,  we  find  it  used  by  many  writers. 
The  instrument,  now  under  our  consideration,  is  more  properly 
a  vfind-ffiaiy  as  merely  she  wine;  the  quarter  from  which  tlje  wind 
actually  blows,  and  not  enabling  m  to  for^jtelt,  or  consider^  the 
different  ch^inges  of  the  wind, 

Tlie  term  Ammoncofje  is  frequently  confounded  with  that  of 
Anemometer^  which  is,  properly,  a  machine  to  indicate  the  force 
of  the  wind,  and  not  the  direction  in  which  it  blows ;  the  first 
being  derived  from  two  Greek  words  signifying  th4;  trittJ,  and 
1  see,  or  I  etmsider;  and  the  latter  also  from  two  Greek  words 
signifying  the  windf  and  J  meastire  i  and  Martin,  in  hia  PhUomphia 
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Britcamioj  describes  the  latter,  viz.  the  Anemometer,  under  the  title 
Anemoscqpe;  though  evidently  erroneously,  as  they  are  two 
distinct  instruments :  I  shall  therefore  describe  the  Anemometer, 
AB  (Fig.  3.  PL  £)  is  a  post  sufficiently  elevated,  that  the  wind 
may  act  on  the  machine ;  CD  is  a  frame,  fixed  on  the  top  of  AB, 
moving  thereon  on  the  pivot  A ;  the  axis  G,  on  which  the  sails 
1 1  are  fixed,  is  formed  conical,  as  shewn  at  £F,  and  formed  into 
a  spiral  groove  to  admit  the  cord  EW,  which  is  fixed  at  E,  the 
end  of  the  axis ;  and  as  the  wind  makes  the  sails  1 1  revolve^ 
the  cord  is  wound  round  the  cone  £F,  and  the  weight  raised,  or 
depressed,  according  to  the  force  of  the  wind  upon  the  sails ;  at 
H  is  a  vane,  or  flat  piece  of  board,  or  metal,  for  the  purpose  of 
keeping  the  sails^,  1 1, .  always  facing  the  wind ;  at  the  end  of  the 
cone  at  %  is  a  racket  wheel,  in  which  a  spring,  K,  catches,  as  the 
cone,  revolves ;  holding  the  weight  at  any  height,  the  force  of  the 
wind  may  have  raised  it  to:  which  enables  us  to  ascertain, 
in  our  absence,  the  greatest  force  at  which  the  wind  has  blown ; 
this  spring  may,  at  any  time,  be  detached,  in  order  to  see  the 
present  stat^  of  the  wind.  It  is  plain,  from  the  consideration  of 
the  figure,  tha^  the  axis,  is  greater  at  F  than  at  £,  the  wind 
must  exert  a  greater  force  to  maintain  an  equilibrium  with  the 
weight  W,  as  it  approaches  the  large  end  of  the  cone :  now,  if 
we  put  such  a  weight  on  the  cord  as  will  just  balance  the  weakest 
wipq,  as  the  wind  increases  in  force,  the  weight  will  be  raised, 
and  the  cord  yround  round  from  E  to  F ;  and,  if  the  diameter  of 
the  cone  at  F  is  such,  as  the  force  of  the  greatest  wind  will  just 
sustain  the  freight  at  that  end,  then,  in  any  intermediate  wind, 
the  cord  will  always  be  found  somewhere  between  E  and  F,  and, 
conseque^tly,  indicate  the  comparative  force  of  the  wind ;  but, 
if  a  scal^  is  drawn  on  the  cone,  the  point  where  the  cord  meets, 
it  will  tell  the  comparative  force  <^  the  ^rind :  for  example,  let 
the  two  ends  of  the  cone  be  as  1  to  28,  and  if  the  weight  W 
is  one  pound  at  the  small  end  of  the  cone,  and  just  balances  the 
weakest  wind  exerted  on  the  sails,  if  we  suppose  the  wind  to 
increase,  and  the  cord  to  be  wound  round  to  the  greater  extremity 
of  the  cone,  it  must  exert  a  force  of  28  times  the  fonner ;  or  the 
force  required,  to  sustain  the  weight  at  the  large  end,  will  be  28 
pounds :  thus,  if  the  axis,  or  side  of  the  cpne,  is  divided  into 
28  equal  parts,  each  division  will  correspon4  to  a  pound  of  force 
exerted  on  the  sails.  Again,  if  the  instrument  is  fixed  on  the 
outside  of  a  building,  and  the  weight  descends  into  an  apartment 
benea^,  you  may,,  by  having  a  scale  fixed  against  the  wall,  cor- 
respoacting  to  the  divisions  on  the  cone  £F^  on  inspection,  see  the 
force  of  the  wind :  in  the  same  manner,  t^  anemoscope  tells  its 
direction ;  or  the  two  instrument  mvy  veiy.  conveniently  com- 
bne4  ifk  one,     wUl.^ppear  plai9W  i^iy  g^iiwi?iiig,.who  has  .paid 
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attention  to  what  has  been  said  respecting  the  two  instnimei 
Example  72.  Page  198. — In  this  example,  where  mentioD 
made  of  the  lower  stone  being  feathered  or  channelled,  as  thi 
is  DO  direction  in  what  manner  or  form  these  channels  are  to 
cut,  and  that  nothing  may  be  omitted  that  the  workman  ought  to 
acquainted  with,  I  have  subjoined  the  following  figure,  to  sh 
the  most  general  method  in  use ;  and  here  take  occasion  to  < 
senre,  that,  in  actual  practice,  it  is  necessary  to  have  these  groa 
from  time  to  time  re-cut,  that  the  mill  may  work  to  the  great 
possible  advantage.  AB  {Fig,  4.  Plate  £)  represenU  one  of  i 
stones  of  a  mill ;  the  circumference  is  divided  into  eight  parts,  a 
lines  drawn  to  the  centre ;  then  begin  by  drawing  lines  at  mo 
rate  distances,  parallel  to  every  line  drawn  to  the  centre,  as  she 
in  the  figure ;  and  if  on  these  lines  we  make  an  angular  groo 
as  shewn  at  C,  the  stone  will  be  prepared  for  being  fixed  in 
place. 

Emmpk  80.  Page  204. — ^The  thermometer  here  described 
the  common  spirit  thermometer,  which  is  now  nearly,  if  i 
wholly,  superccKled  by  the  mercurial  one,  which  only  difiers  in  tl 
that  tirie  fluid  inclosed  in  the  tube  is  quicksilver,  instead  of  spL 
of  wine.  -  I  shall  here,  however,  take  the  opportunity  of  shewi 
how  the  tubes  are  graduated,  so  that  each  tnermometer,  whate 
its  length  may  be,  will  indicate  the  same  degree  of  heat  or  cold 

Having  filled  the  bulb,  and  part  of  the  tube,  with  quiduil^ 
that  has  been  previously  heated,  to  expel  the  air  it  may  contain, 
the  end  be  hermetically  sealed,  that  is,  closed  by  melting  it  w 
a  blow-pipe,  and  pinching  it  together  while  in  a  soft  state ;  then 
we  immerse  the  bulb  in  water  just  freezing,  or  snow  just  meltii 
and  mark  the  point  on  the  tube  at  which  the  mercury  stands, 
shall  have  the  fireezing  point.  Again,  let  the  bulb  be  now  i 
mersed  in  boiling  v^ter,  and  mark  that  point  also  for  the  boih 
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and  C  for  centigrade ;  and  firsts  to  convert  Fahrenheit  to  centigrade, 
F— 32  ^5  iC  V  0 

w€  have  ^=C;and,secondlyy  theconverkell:^-^a83:F.  • 

9  5 

Whilst  we  are  on  the  subject  of  thermometers^  it  may  opt  ba 
amiss  to  notice  what  is  called  the  self-registering  thermometer 
that  is,  one  which  indicateSy  in  the  absence  of  the  observer^  the 
greatest  and  least  degrees  of  heat  which  have  occurred  in  hi^  ab- 
sence. There  are  several  contrivances  for  this  purpose^  l)ut  I 
shall  only  notice  that  most  common  at  this  time ;  it  consists  &mr 
ply  of  two  thermometen,  the  one  a  mercurial  one^  and  the  other 
filled  with  coloured  alcohol,  or  highly  rectified  spirits  of  wine  ;  ^ 
C -and  D,  {Fig.  5.  PL  £)  having  their  stems  horizoptal,  and  fixed 
in  the  same  frame  AB»  the  former  has  a  small  piepe  of  magnetic 
steel  wire  enclosed  in  the  tube,  and  the  latter  a  fine  piece  or 
thread  of  glass,  whose  ends  are  made  into  minute  balls  by  the 
flame  of  a  lamp ;  now  the  magnetic  wire  being,  brpughl  to  ibe 
sur£BK!e  of  the  mercury  by  the  application  of  a  key  or  siny  .piecflt 
o{  iron,  as  tlie  mercury  expands  with  heat  it,  is  pushed  forward ; 
but  left  behind  when  the  mercury  falls  by  cold;  th^s  shewing  the 
extreme  of  heat :  the  latter  is  immersed  in  the  spirit,  and  as  tibe 
spirit  sinks  or  retires,  it  carries  the  glass  thread  with  it ;  but  when 
it  advances,  it  leaves  it  behind ;  thus  shewing  the  greatest  oold  in 
the  absence  of  the  observer;  and  this  inde^  is  set  by  inclining- th^ 
instrument  till  one  end  corresponds  to  the  surfi^  of  thasgip/^in 
the  Uibe ;  the  steel  index  is  brought  to  the  surfaice  of  the^iji^ergury 
by  applying  a  magnet^  if  the  magnetic  power  of  it  is  insuifiq^^n^to 
act  on  a  piece  of  iron  or  steel  applied  to  the  tube. 

ExampU  84.  Fage  207.— The  fire  engine  here  descrij)^  if^/wha^t 
is  properly  termed  th^  atmospheric  steam  engini?,  in  ongiaal 
form,,  at  least  in  that  form  to  which  it  was  applied  \f>  useful  an4 
general  purposes ;  there  is,  however,  since  this  invention,  anod^r 
maohinQ,  which  depend^  solely  on  the  elasticity  or  ^rc^  of  the 
steam  itself,  and  wmch  has,  in  a  great  measure,  supej^eded  the  use 
of  Reformer,  whose  powers  are  more  limited,  and  of 'which  we  shftU 
here  attempt  a  short  description ;  and,  first,  we  will  observe  that  the 
practice  now  adopted  of  placing  the  steam  cylinder  detached  i&om 
the  boiler,  but  communicating  with  it  by  a  pipe,  has  quite  supcff- 
sedc^  that  wherein  they  are  immediately  connected :  and  it  has 
this,  among  many  other  advantages,  that  the  safety  of  the  bgiler  is 
insured  from  any  sudden  jolts  that  the  engine  may  be  subject  to. 
Again,  the  steam  is  not  condensed  in  the  cylinder  by  a  jet  within 
it,  as  formerly,  but  in  a  separate  vesseli  as  the  following  figure 
vnll  shew;  {Fig.  1.  PL  F.)  A  is  the  pipe  conveying  the  steam  from 
the  boiler  to  the  cylinder,  that  is,  to  t^  upper  side  <^the  piston, 
by  means  of  the  pipa  at  B)  and  to  the  undtr  side  by  m^agois  pf  the 
pipe  at  C ;  thes^  pipes  are  furnished  miji  vsXvbb,  and     act^  on 
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mmh  m  the  same  manner  as  in  the  common  engines,  which  tlie 
figuufc  ifrill  aufliciently  shew.  The  piston  rod  D  la  a  solid  rod  of 
iroti.aud  connected  with  the  beam,  by  a  piece  of  meehaaism  called 
the  paraJlel  joint,  at  XY,  which  is  so  constructed  thai  the  piston 
rod  13  always  in  a  perpendicular  direction.  There  is  also  a  com- 
munication trom  the  top  and  bottom  of  the  cylinder  to  a  separate 
vessel  at  Ej  in  which  the  steam  is  condensed  after  being  drawn 
out  of  llie  cylinder  by  means  of  ao  air-pump  F,  which  works  by 
means  of  the  above  parallel  joint  at  Z  i  and  these  two  vessels  or 
cylinders,  vii.  the  condensing  cylinder  and  the  air-pump,  are  sur- 
rounded with  cold  vmter,  and  are  constantly  supplied  by  the  pump 
C,  worked  by  the  olher  arm  of  the  great  beam ;  th<*  air  pump  r 
draws  off  the  water  formed  by  the  condensation  of  the  steam,  into 
Uie  cistern  H,  and  is  pumped  out  of  it  by  means  of  the  pump  I» 
and  is  thence  couTeyed  by  die  pipe  K  back  again  into  the  boiler, 

I  shall  now  explain  the  action  of  this  engine*  The  communi- 
cation being  opened  from  the  boiler  to  the  underside  of  the  f  team 
cylinder,  its  elasticity  forces  the  piston  up,  and  at  the  lime  the  air- 
pump  forms  a  vacuum,  and  the  a  team  rushes  into  the  condenser, 
a  vacuum  is  formed  beneath  the  piston  ;  at  which  moment  the 
s learn  enters  above  the  piston,  and  is,  in  like  manner^  drawn  olT 
and  condensed ;  and  thus,  alternately^  the  pressure  of  the  steam 
acting  on  the  under  and  upper  sides  of  ibe  piston,  a  reciprocating 
motion  is  produced  in  the  beam^  and  a  self-moving  power  is  kept 
up  as  long  as  there  is  a  supply  of  steam.  Now,  for  the  purposes  of 
mechanical  operation,  this  motion  is  converted  into  a  rotatory  one^ 
by  means  of  a  rod  L,  from  the  end  of  the  beam^  which  is  connected 
with  a  crank  (and  fly  wheel  M)  at  its  extremity,  and  thus  a  coii* 
slant  revolving  force  is  applied.  There  are  a  number  of  contri- 
vances to  regulate  ihe  motion  of  the  engjue,  and  for  ensuring  the 
safety  of  the  boiler,  which  the  Umits  of  this  article  will  not  admit 
of  enumerating,  and  for  which  I  would  refer  the  reader,  amongst 
oilier  works,  to  Stewart^s  Descriptive  Hktory  of  the  Steam  Engine, 
Barlow^s  Matheimticdl  Dkiimwr^^  or  ihe  Eneyclopedia  BritannifOf 
and  Suppl^itcnt.  1  have^  however,  la  the  plate  here  given,  intro- 
duced tlie  most  usual  contrivance  of  two  balls  r?,  Oj  which  are  con* 
nected  widi  the  fiy  by  means  of  a  pulley,  P ;  and  as  the  motion  in- 
creases, or  diminishes,  the  balls  are  nearer,  or  farther  apart,  Iroim 
tlve  centrifugal  force  imparted  to  them  i  thus  raising,  or  depress* 
ing,  a  lever  Q,  connected  with  a  cock  E,  in  the  pipe  A  A,  which 
comes  from  the  boiler;  and,  consequently,  regulating  the  quan- 
tity of  steam  admitted  into  the  cylinder,  and,"by  that  means,  the 
velocity  of  the  whole  engine:  iherebj  producing  a  steady  and 
uniform  motion  to  all  the  machinery  connected  with  it. 

Ex:ampl€  Page^tl.  Compound  Si^el-ymr-d* — On  the  subject 
of  »teel-yardsj  it  may  not  be  altogether  foreign  to  our  purpose  if 
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we  here  mention  two  or  three  machines  that  are  in  use,  for  the 
purpose  of  weighing  goods ;  and  as  the  steel-yard  is  calculated  to 
weigh  an^  thing  without  a  multiplicity  of  weights^  these  engines 
may,  I  think,  very  properly  be  mentioned  in  this  place,  as  ^ey 
are  calculated  to  perform  the  same  operations  as  the  steel-yard, 
and  have  this  convenience,— that  not  any  weightS' are  required,  but 
simply  shew  the  weight  by  an  index,  or  graduated  scale^  and  tell^ 
at  sight,  the  weight  of  any  substance  without  even  the  trouble  of 
shifting  a  weight,  as  in  the  common  steel-yard.    Fig.  1,  PL  6, 
represents  a  machine  commonly  known  by  the  name  of  the 
spring  steel-yard :  AB  is  a  hollow  cylinder  of  iron,  or  brass^ 
having  a  cap  at  the  end  A,  with  a  square  hole  in  it  to  admit  the 
rod,  or  beam,  DE,  whose  end  E  is  formed  into  a  round  nut,  and 
end  E  has  a  ring  by  which  it  may  be  held  in  the  hand,  or  susr 
pended  from  a  hook :  within  the  tube  AB  is  a  spiral  spring, 
wound  round  the  bar  DE ;  and  at  the  end  B  is  a  hook  C,  to  which 
the  weight,  or  substance  to  be  weighed,  is  himg.   The  action 
of  this  instrument  is  as  follows :  Having  suspended  a  weight 
from  the  hook  C,  lay  hold  of  the  ring  D,  then  the  nut  E  pressing 
on  the  spring,  which  is  a  spiral  piece  of  steel,  it  causes  the  bar. 
attached  to  tbe  ring  to  draw  out ;  and  if  we,  make  a  mark  on  the 
bar,  corresponding  to  the  weight  hung  from  C,  that  point  will 
always  indicate  the  weight  of  *any  substance,  equally  ponderous^ 
that  may  be  suspeinded  from  the  hook.  In  this  manner,  naving  sus- 
pended several  weights,  and  made  marks  correi^ponding  to  themi 
on  the  bar,  we  shall  have  a  scale  which  will  always  indicate  the 
number  of  pounds,  &c.,  any  body  may  weigh  that  is  suspended 
from  the  hook  at  C  :  and  we  may  here  observe,  that  though,  for 
common  purposes,  it  will  be  found  sufficiently  accurate,  yet  it  is. 
subject  to  variations  from  the  different  degrees  of  temperature  of. 
the  atmosphere,  which  lengthens  the  spring,  or  causes  it  to  be  more 
stiff  at  one  time  than  at  another,  and,  consequently,  the  divisions 
of  the  scale  on  the  bar  will  not  always  be  sufficiently  accurate 
where  any  nicety  is  required. 

The  next  instrument  which  I  shall  describe,  and  which  is  simi- 
lar in  its  construction,  being  dependent  on  the  action  of  a 
spring,  is  represented  in  Fig,  2,  PL  G,  and  is  generally  termed 
the  £(d  balance.  AB  is  a  flat  bar,  as  in  the  last  construction ; 
but  instead  of  pressing  against  a  spiral  spring  in  a  tube,  it  exerts 
its  force  by  its  end  H  ^when  drawn  out  by  a  weight  attached  to 
the  hook  C)  on  an  eliptic  or  circular  spring,  GHL,  enclosed  in 
a  circular  box,  DE,  the  end  opposite  H.  being  fixed  to  the  box. 
Now,  as  A  is  drawn  out  by  the  weight  W,  the  two  sides  of  the 
spring  approach  each  other ;  then,  if  there  is  a  rack,  cm  the  bar 
AB  working  in  the  wheel  F,  it  will  turn  another  wheel,  K,  on 
^ose  axis  a  hand,  L,  is, fixed,  which^  coming  through  .a.f^ate  . 
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screwed  on  the  front  of  the  box  D£,  it  will  indicate  the  nam 
of  pounds  hung  on  the  hook  C ;  and  this  plate  is  divided 
hanging  weights  of  1,  2,  3,  &c.  pounds  in  succession  on  C,  i 
making  marks  on  the  plate ;  then^  at  any  time,  we  can  see, 
inspection,  the  weight  which  is  hung  on  the  hook  C.  1 
instrumenty  though,  perhaps,  superior  in  many  respects 
the  first  mentioned,  is  still  subject  to  many  of  its  derelcts ; 
the  strength  of  the  spring  not  being  at  all  times  unifbrm,  m 
errors  must  consequently  arise  ;  «nd  however  well  it  may 
executed,  with  respect  to  workmanship  or  accuracy,  in 
divisions  in  the  first  instance,  continual  use  must  woiken 
force,  or  elasticity,  of  the  spring,  and  thereby  cause  the  banc 
point  to  divisions  in  the  plate  which  do  not  perfectly  corresp 
to  the  weight  on  the  hook. 

The  last  instrument  I  shall  now  notice  is,  what  is  ubw 
termed  the  bent  lever  balance.  This  is  represented  at  Fig.  3, 
G,  where  FED  is  a  bent  lever,  supported  on  an  axis  at  £,  fi: 
to  a  standard,  ABC,  to  which  is  attached  a  graduated  quadn 
GB.  At  D  is  a  scale ;  and  the  end  F  is  loaded  with  a  wei 
that  just  keeps  the  scale  H  in  equilibrium  when  F  is  at  the  a 
mencement  of  the  scale,  or  division  of  the  arc  BG ;  Uien,  if 
place  a  weight  in  the  scale  H,  the  end  of  the  lever  F  ascei 
through  the  arch  till  it  comes  to  an  equilibrium  with  the  scale  i 
the  weight  in  it.  Now,  if  we  suppose  an  horiEontal  line,  ] 
drawn  through  the  line  of  suspension  E;  q^d  if  from  F  and 
we  draw  the  perpendiculars  FL  and  DK ;  and  if  the  weight 
the  scale  H,  and  the  weight  at  the  end  F,  are  reciprocally  p 
portional  to  the  distance  KE  and  EI,  we  shall  always  have 
equilibrium ;  but  as  the  weight  at  E,  by  ascending  through 
arc  BG,  constantly  makes  the  distance  EI  greater  as  it  i 
pfoa^hes       so  tlio  wtiG^hr  in      seal^?  H  ninst,  of  necessity. 
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.pwtimilar  purposes  to  which  they  are  most  applicabk,  but  «8  tbst 
would  be  an  almost  endless  task,  and  as  the  machine  here  de- 
scnbed  is  •  sufficient  for  the  workmen  to  understand  die  general 
^pnnoiple  on  whieh  this  most  useful  engine  is  constructed,  I  shall 
content  myself  with  a  description  of  One,  the  principles  of  which 
are  somewhat  different ;  and  which,  though  described  by  vaiioiis 
authors,  is,  or  has  been,  but  4itde  attended  to  by  modern  me- 
dunics,  but  which,  in  many  cases,  may  be  used  to  very  good 
ipiirpose^being,  in  a  great  measure,  free  from  that  iuconFenience  all 
engines  are  more  or  less  subjected  to,  that  is-^friction.  I  shall 
•therefbre  give,  with  some  little  alteration,  the  form  of  the  crane, 
as  it  is  described,  by  M.  Perrault,  in  rather  a  scarce  worl(,  puhh 


spectiYe  representation  of  die  machine:  .A  A  a  roller,  on  whioi  is 
i^ed  a  pulley  B;  this  moves,  or  rolls,  up  and  down  between  the 
parallel  pieces  OP,  OP ;  the  cords  C  C,  are  twisted  round  the  rol- 
ler A  A,  and  affixed  to  O  O,  round  the  pulley  B,  in  another  cord 
£  •£,  which  is  twisted  round  the  capstern  G  0,  and  proceeds  also 
round  the  roller  I,  to  the  hand  al  R,  where  it  is  held.  Now,  as  the 
capstern  is  turned  round  by  the  levers  R  K,  which  eapstem  slides 
in  a  long  hole  made  in  the  side  pieces  O  O,  the  mode  of  its 
action  will  be  best  seen  by  considering.  Fig,  2,  PL  H,  where,  asf 
there  are  the  same  letters  of  r^u^nce,  a  comparison  will  make  it 

Suite  clear.  A  A  is  the  cylinder,  ha viiig  the  pulley  B  fixed  to  it: 
le  ropes  C  C  are  &stened,  as  ^ewn  in  the  Figure;  the  rope  D 
sustains  the  weight  W ;  the  rope  £  going  through  F,  (within  which 
there  is  a  contrivance  hereafter  ^ewn,  to  hold  the  rope  in  any 
position,)  is  twisted  round  the  capstern  G  G,  and  roller  I ;  the  ropes 
a  a  are  fixed  to  F,  and  partly  wound  rouiid  G  G  in  the  direction 
shewn,  and  here  fixed;  and  the  .  same  by  the  rope  b  b  fixed  to 
n  H,  and  partly  wound  round  G  G,  and  there  fixed.  These 
ropes,  it  will  be  seen,  are  wound  round  G  G  in  contrary  direcr 
tions ;  therefore,  in  turning  the  lever  K  towards  you,  the  capstern 
approaches  F,  by  rolling  along  the  «gropve  between  the  side  pieces. 

We  will  now  suppose  the  machine  in  action,  and  refer  again  to 
Fig,  i,  P/.  H,  and  let  the  pulley  B,  with  the  roller  A  A,  down 
towards  R,  and  the  weight  W  attached  to.  the  rope  D,  axid  the 
eapstem  G  G  near  H  H  :  now,  by  drawing  or  pulling  the  levers 
K  K  towards  you,  A  will  ^raw  the  rope  attached  to  the  pulley  B, 
tmd  make  it  roll^ipwards  towards  O  0,  as  it  is  prevented  from 
descending  by  the  cords  C  C,  which,  as  B  ascends,  are  wound 
round  A  A.  During  this  motion  of  the  pulley  the  cord  D  is  wound 
round  A,  and,  consequently,  elevated  both  by  that  and  tlie  pulley 
Ascending  along  the  side  O  D  ;  also,  after  the,  pulley  has^seended 
a  Utde  along  the  sides,  the  capstern  (Gr  G  is  drawn  up  towards  F. 


Paris,  under  the  title  of  Reeved  de  Flu- 
e  Invention,    Fig.  \,  Plate  H,  is  a  pes- 
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The  rope  is  now  held  at      and  the  capstflrn  turned  back  towards 
H,  and  the  weight  is  prevented  descending;  again  by  the  rope  E 
betng  secured,  by  die  contrivance  within  Fj  as  above  mentjOBed. 
The  same  operation  is  repea^ted,  till,  uX  length,  the  body  W  is  fais^d 
to  the  bfiight  required.     The  whole  machine  is  supported  on 
perpetidicuiar  axis  L  L  going  through  the  braces  R  and  M, 
the  standard  Q,  which  is  firmly  fixed  to  tbe  ground,    Now,  it 
be  readily  seen,  that  as  the  roller  A  A  and  capstern  G  G  do  n 
laove  as  an  axisj  but  merely  roll  along  the  sides  O  Bj  the]  frictio 
h  very  inconsiderable. 

I  shall  no'^  describe  the  contrivance  within  F,  wJiich  holds 
rop*  E  m  any  position.    In  reierence  to  Fig.  4,  P/.Gj  F  rep 
sents  a  box,  in  which  are  affissed  two  clamps  A  A  moveable  about 
centre  A  A  ;  a  plate  B  C  connects  them  togetlier;  one  part  at 
being  fixed  to  one  clamp,  and  the  other  part  at  C,  having  a  slit 
hole,  wiih  a  peg  or  pin.    The  rope  G  IX  passes  between  the  en 
of  these  clamps,  and  is  pressed  or  squeezed  by  a  spring  *D,  whi 
holds  it  fast;  and  if  we  pull  at  ll,jthe  rope  will  slide  between  theiii| 
but  is  prevented  moving  in  the  direction  towards  G.  Ther* 
also  a  cord  E  E  passing  throngb  one  clampj  whichj  by  pullin 
iieleaaes  the  cord  G  H  when  neci^ssary,  and  which  is  shewn  in  Fig, 
2,  Ff.  llj  at  SS,  but  omitted  in  Fig.  1,  to  avoid  confusion. 

1  have  introduced  this  description^  not  so  much  with  a  view  of 
showing  something  which  has  peculiar  advantngesj  but  more  t 
give  a  general  idea  of  a  principle  which  has  been  little  attendei 
to,  and  as  something  not  generally  known  amongst  mechanics ;  as 
I  feel  persuaded,  that,  in  the  hands  of  many  of  my  readers,  this 
principle  may  be  applied  with  great  advantage  to  many  engines, 
and  to  many  purposes  hitherto  not  thought  of :  and  as  it  is  one 
that  has  the  great  advantage  of  removing,  almost  altogether^  thai 
great  difficulty  of  lessening  the  friction  of  machinery,  it  might  fur 
nish,  at  least,  some  bints  which  tfie  practical  workman  will, 
doubtless,  improve  on* 

EtiijTipie  102.  Page  225. — dock.— As  the  art  of  clock-malt  in  _ 
is  a  subject  which,  of  itself,  would  fill  several  volumes  to  describe 
their  various  forms  and  constructions,  I  can  only,  on  this 
head,  recommend  to  my  readers  some  works  that  will  give  any 
information  required  ;  and^  first,  I  would  recommend  for  a 
copious  list  of  authors,  both  English  and  Foreign^  Gregorie's 
MeckmicSi  vol,  ii ,  page  1 40 ;  besides  which,  I  would  recom- 
mend Martin's  Medianicai  Institutions;  Ferguson's  Mechamcnt 
Exermes  ;  th^  Enfy^lopedia  BrilauTiictij  ^nd  St/ppl^tent ;  C ham- 
be  r^^  Cyclopedia ;  and  Harrison's  ie^'icos  TefJinictintf  (as  well 
as  the  article  Ckp^/dia  in  tlie  same,)  and  to  vol.  xxv*  of  the 
Philosophicoi  Transactioju ;  added  to  which,  the  reader  will  be- 
amply  gratified  by  refurring  to  the  Transactions  of  the  Society  of 
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Arts,  for  modern  improvements,  with  respect  to  pendulum,  es- 
capementSy  &c. 

ExampU  103.  Ba%t  230.-r-Ctf^tft9ig  J&igsne.— The  instrument 
here  described  has  been  greatly  improved  in  its  construction 
since  the  time  of  our  author,  both  in  respect  to  its  several  adjust- 
ments, and  with  respect  to  the  cutter :  but  as  the  principle  is  still 
the  same,  I  shall  not  here  particularly  describe  the  improvements, 
as  every  workman  must,  at  once,  see  the  defects ;  but  I  think  it 
necessary  to  make  some  observations  with  respect  to  the  cutting 
of  teeth  in  wheels  in  general,  and  to  the  dividing  plate  of  this  in-; 
strument.  In  the  first  place,  in  any  piece  of  clock-work,  having 
first  calculated  the  number  of  teeth  in  each  wheel  necessary  to 
produce  the  motion  required,  it  is,  also,  requisite  to  know  the 
proportion  of  the  diameters  of  the  several  wheels  to  each  o&er,  so 
that  when  they  are  cut  into  the  required  number  of  teeth,  they  shall 
work  freely  together ;  that  is,  for  instapee,  having  two  wheeb,  in 
which  we  are  required  to  cut  any  particular  number  of  teeth,  we 
must  proportion  the  diameter  of.  these  wheels  to  each  other,  so 
that  the  teeth  in  each  of  them  may  be  of  the  same  size,  or,  that  the 
teeth  of  one  may  fit  accurately  into  the  spaces  of  the  -other  :  and 
here  I  cannot,  I  think,  do  better  than  extract  a  passage  from 
Mr.  Fergusson's  Select  Mecltaniad  Erercises,  under  the  form  of  the 
foUovring  Proposition,  mentioned  at  page  42,  the  third  edition. 

Siqlposing  the  distance  between  the  centres  of  two  wheels,  one  of 
which  is  to  turn  the  other,  be  given  ;  and^  that  the  number  of  teeth 
in  one  of  these  wheels  is  different  to  the  number  of  teeth  in  the  other^ 
(md  it  is  required  tomake  the  diameters  of  these  wheels,  in  such  pro- 
portion to  one  another,  as  their  number  of  teeth  are,  so  that  the  teeth 
m  both  wheels  may  be  of  equal  size,  and  the  spaces  between  them 
equal,  and  that  either  qf  them  may  turn  the  other  easily  and  freefy  ; 
it  is  reqwred  to  find  their  diameter, 

.  Here  it  is  plain  that  the  distance  between  the  centres  of  the 
wheels  is  equal  to  the  sum  of  both  their  radii  in  the  working  parts 
of  the  teeth.  Therefore,  as  the  number  of  teeth  in  both  wheels, 
taken  together,  is  to  the  distance  between  their  centres,  taken  in 
any  kind  of  measure,  as  feet,  inches,  or  parts  of  an  inch ;  so  is  the 
number  of  teeth  in  either  of  the  wheels  to  the  radius  or  semi- 
diameter  of  that  wheel  taken,  in  the  like  manner,  from  its  centre  to 
the  working  part  of  any  of  its  teeth. 

*^  Thus,  supposing  ^e  two  wheels  must  be  of  such  sizes  as  to. 
have  the  distance  between  their  centres  five  inches;  that  one 
wheel  is  to  have  75  teeth,  and  the  other  to  have  33,  and  that  the 
sizes  of  the  teeth  in  both  wheels  is  equal,  so  that  either  of  them 
may  turn  the  other ;  the  sum  of  the  teeth  in  both  wheels  is  108 ; 
therefore,  say  as  108  :  5  ::  75  :  3*47,  and  as  108  :  SV.  33  : 
1*53;  so  that,  from  the  centre  of  the  wheel  of  75  teeth  to  the 
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working  part  ©f  any  tooth  in  it,  is  3  iathea  and  47  hundredtli 
parts  of  an  inch ;  and  ffom  the  centre  of  the  wheel  of  33  teetJi 
to  ihe  working  part  of  eitUef  of  ita  teeth,  is  1  inch  and  A3 
huodredtha  of  an  inch*" 

Kow,  it  tVeqiietitly  happens  iti  pracbcej  that  we  hav«  tlit 
diameter  of  one  -wheel  given  as  well  as  the  outuber  of  teeth  in  iti 
and  ihis  wheel  required  to  turn  anoiher  of  a  given  numhe?  of 
teeth  :  hence  arises  ihe  following  Propositiou : 

Ha^irig  thr.  number  of  teetk  in  eai^i  of  two  wheels^  and  alw 
ike  diameter  of  om  wheels  it  is  required  to  find  the  diameter  of  fAe 
oth^j  andp  come^uenthff  the  distance  betuieen  the  centres  qf  im  two 
wftcch. 

We  will  here  suppose,  as  in  the  last  Propo^itionj  that  one 
wheel  has  75  (.eeib,  and  the  other  33  teeth,  and  that  the  diameter 
of  the  wheel  of  75  teeth  rs  3*47  inches;  here,  then,  by  the  rule 
of  proportion,  say  as  73  :  3-47  :  33  ;  1-53,  the  diameter  of  the 
wheel  of  33  teeth  ;  hence  3-47  +  1  '53  3  5  inches,  the  distance 
between  their  centrea.  Now,  wiih  regard  to  the  dividing  plate  of 
the  engine,  it  appears  that  if  the  number  of  teeth  we  wish  to 
cut  in  any  wheel  is  not  laid  down  in  one  of  the  concentric  cii^^ 
or  is  not  a  roultiple  of  any  of  the  numbers  there  marked,  we 
must  Ijave  recourse  to  some  other  method  than  there  shewn,  for 
cutting  the  required  number  of  teetii ;  and  xbis,  though  not  irc- 
quentiy  wantt^d  for  the  generality  of  clock-^voTk,  is  sometimes 
necessary,  and,  indeed,  indispensable,  in  die  construction  of 
orreries  or  astronomical  clocks,  and  various  other  machines. 

I  willf  Ui^refore,  here  shew,  how  we  may  divide  a  circle,  with 
ease,  into  any  pumber  of  parts,  which  wiJl  enable  us  to  make 
fresh  points  on  our  dividing  plate,  or  divide  the  wheel  itself  witb 
very  little  trouble.  I  shall  here  remurkj  that  the  chief  difSculty  n 
in  dividing  a  circle  into  any  inld  number  of  parts,  as  all  iht 
divisions  on  the  plate  are  amply  sufficient  for  the  evm  parts. 
It  is  plain,  that  from  any  number  of  odd  parts  we  may  subtract  a 
niiniber  which  ^hall  leave  the  remainder  even.  Thu$,  suppoae 
we  wish  tlie  circle  to  be  divided  into  59  parts ;  if  we  subtract  9, 
there  will  remain  50 ;  therefore,  to  ascertain  on  the  circle  that 
proportion  of  its  circumference  which  wili  contain  9  parts  out  ©f 
the  59 f  say  as  59  parts  is  to  degrees,  (the  whole  circle,)  so  is 
9  parts  to  54  9  degrees ;  therefore,  if,  by  means  of  a  sector,  or 
scale  of  cord^^  we  make  an  angle  at  the  centre  of  the  circle 
equal  to  5 ^'9  degrees,  we  shall  enclose  a  space  of  the  circum- 
ference equal  to  the  9  parts  required  ;  and  as  it  is  much  easier, 
by  trials  with  a  pair  of  compasses,  lo  divide  this  space  on  the 
circumference  into  9  parts  than  the  whole  circle  into  50  parts, 
w  e  have  an  easy  way  to  perform  ihe  operation  ;  for  having  tound 
one  of  the  9  parts »  that  distance  will  go  59  rimes  in  the  circum- 
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ferehce,  and,  therefore,  if  holes  are  |Mmcfaed  at  that  diiitaiice  in 
another  concentric  circle  on  the  dividing  plate,  it  will  answer  the  " 
purposes  intended;  and  thus  we  have  a  ficedi  diidsion  of-59 
parts,  or  any  midtiple  of  it,  as  118, 177,  &c. 

I  would  here  suggest  a  method,  which,  as  I  haye  never  seen 
either  in  actual  practice  or  described  in  any  author,  TtMnk  would 
be  a  material  improvetnent  in  the  con  truction  of  this  engine,  as 
it  would  do^way  with  the  necessity  ef  the  fixed  divisions  or  holes 
in  the  dividing  plate,  as  well  as  enable  us  with  great  hocuracy  tofcut 
any  required  number  of  teeth,  either  even  or  odd,  in  our  wheds. 
List  the  edge  of  the  dividing  ]^te  be  cut  into  oblique  tteth,  so  as  - 
it  shall  be  turned  round  its  centre  by  means  of  a  screw  working 
against  it,  in  the  same  manner  as  many  of  our  astronomical  in- 
struments are;  and  let  the  screw  be  such,  that  any  number  of 
turns  round  its  axis  shall  move  the  plate  once  round  its  centre; 
for  instance,  let  300  turns  of  the  screw  turn  it  once  round ;  then,  it 
is  evident  that  one  turn  of  the  screw  round  its  axis  will  move  ibe 
{>late  round  a  300th  part  of  its  circumference:  in  like  manner,  any 
number  of  turns  will  move  it  a  proportional  part.  Thus,  we  have 
for  even  immbers  a  ready  method  to  divide  the  circumftifence  into 
any  number  of  parts,  which  are  a  multiple  of  300.  For  instance, 
suppose  we  vrisk  to  divide  the  plate,  or,  which  is  the  same  thing, 
cut  50  teeth  in  any  wheel,  we  divide  300  by  50 ;  the  quotient  is  6, 
which  shews  that  6  turns  the  screw  will  move  the  plate  forward 
space  sufficient  for  one  tooth ;  therefore,  we  have  only.for  eadi 
tooth  to  turn  the  screw  round  six  turns  to  divide  the  plate  into  the 
number  of  parts  required.  Now,  the  method  for  .  dividing  .the 
opiate  or,  which  is  the  sam^  thing,  to  cut  any  number  of  odd 
teeth  in  the  wheel,  is  analogous  to  this.  But  it  will  be  necesbary 
to  have  the  head  of  the  screw  divided  into,  a  number  of  equal 
parts,  say  100,  and  an  index  so  fixed,  that  we  shall  be  able  to  as- 
certain the  number  of  turns,  as  well  as  fractional  parts  of  a 
turn,  we  wish  to  give  to  the  screw,  in  order  to  move  the  plate  for- 
ward a  space  equal  to  the  distance  of  the  divisions  we  wish,  in  the 
dividing  plate.  Thus,  suppose  we  wish  to  divide  the  plate  into 
56  equd  parts,  or  cut  56  teeth  in  our  wheel,  we  divide  300  by  56^ 
the  quotient  is  6-35  nearly,  which  shews  that  for  each  toom  we 
must  turn  the  screw  3  times  round,  and  35  parts  of  the  hundred  di- 
visions into  which  the  head  is  divided.  By  this  method,  any  odd 
number  of  teeth  may  be  cut;  and  to  any  Mechanic  at  all  acquaint- 
ed W1&  the  nature  of  the  method  of  dividing  a  circle  by  the  me- 
thods used  on  the  arcs  of  mathematical  instruments,  this  will  be  as 
simple  as  possible ;  and,  if  necessary,  g,  stop  might  be  id  contrived 
to  the  screw,  that,  after  it  was  once  adjusted  to  the  required  number 
of  turns,  it  would  be  only  necessary  to  turn  the  screw  for  each 
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toothy  tiU  it  came  io  the  reqmmi  posilicm;  ^nd  thus  proc^  for 
every  tooth  round  th*  ckcumferencc  of  the  wheeU 

I  have  tiot  thought  it  necessary  to  illustrate  this  by  an  eugimv-^ 
ingp  aa,  from  what  1  have  advanced,  it  will^  I  irtistj  be  perfectly 
sufficient  as  a  hitii  for  the  jmprovemeat  of  the  ins^truinent  under 
consideration, 

E^ampfe  105.  Psge  233. — The  waicr*mi!l  here  described  by  our 
ftuthor^  though  in^ious  in  itj  construction^  will  be  found,  in 
actual  practice,  attended  with  many  inconveniences.  And  first, 
as  the  vreight  of  the  spindle  with  its  spiral  leaf  must,  of  necessity^ 
be  coHsidetable,  it  foilowsj  that  the  friction  on  the  pfivot  at  its 
lower  extremity  wili  be  audi  a^s  to  occasion  ibe  want  of  very  frequent 
repair,  particularly  if  we  add  to  the  i^eight  of  the  mill  itself  the 
freight  of  the  w&tcf  with  whidi  it  is  loaded.  Another  practical 
inconvenience  is,  that  it  will  he  friund  very  dilfictilt  to  make  the 
fi^iial  wheel  work  within  the  cyliiidor  without  considerable  loss 
of  water^  and,  consequently ,  a  waste  of  power  ;  and  without  takbi^ 
int«  account  ihe  actual  expense  of  the  constniction  of  the  machine 
itself,  when  com  pared  with  its  power  atid  effects,  it  will  be  ^i^utid^ 
that  the  advantages  its  simplicity  oflers  are  more  than  counlei^ 
balanced  by  it$  defects  ;  but  that  the  principle  of  the  spiral  watei^ 
whcd  may,  under  many  circumstances,  be  of  benefit,  and  worthy 
the  consideration  of  die  prajdical  Mecbauic,  k  not  to  be  doubted^ 
Ll}9Ugh  it  has  hitherto  not  been  applied  with  any  material  vd^ 
vantage* 

I  shall,  in  this  place^  d^crrbe  another  water-mill  upon  the 
principle  of  the  pressure  of  water  when  confined  in  pipes,  aad 
flowing  out  at  holes  In  their  sides,  tliereby  piiodncin§[  a  eeotrifogal 
motioii  capable  of  turning  a  Tnill-stone,  or  moving  any  other  ma^ 
chinery.  This  instmment,  in  its  original  forrn^  is  known  imder 
the  title  of  Bfir^r\n  or  PttPent^s-miil^  and  improved  hy  Mr.  Ruin- 
Bey,  A  very  particular  description  of  it,  wdi  the  calculatrons 
necesftary  to  estimate  its  powers,  will  t>e  found  in  Gregory's 
MectMaTticRj  page  106,  vol,  iz. 

[  shall  here  describe  it  with  its  improvements,  and  refer  the 
reader  for  its  original  form  to  the  above  work,  and  abo  to  Des^ 
gulter^s  ^Expf^immtal  Philimphy,  vol.  iii,,  page  459,  or  Fe^^- 
■seti's  Lecti£t€s  (Brewsier^s  Edition,  vol,  ii,,  page  103,) 

Fig.  I,  FL  I*  represents  the  mill  with  Mr.  Rumsey*s  improve- 
ment; A  and  B  are  the  two  mill-iitones  resting  on  the  bed  C  ; 
from  the  upper  stone.  A,  proceeds  an  axis,  or  spindle,  F,  whicrh  is 
atTached,  and  turns  with  it;  the  end  of  the  spindle  is  fa^Bd  to  a 
hollow  cylinder  G  llj  having  »  hole  at  G  and  H,  on  the  opposite 
sides  of  tt ;  this  cylinder  has  a  communication  with  the  pipe  IKE.> 
the  part  of  the  pipe  above  1  being  fixed  to  the  cylinaer,  and 
having  a  joint  at  I  on  which  it  t«rnB,  when  the  mill  is  in  motion  ; 
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th^  dotted  lines  withia  die  pipe>  eC  I,  represMOit «  coQtiniietioQt  of 
the  spindle  vrkaA  woiks  on  a  prfet  wifhin  the  pipe ;  the  joint 
at  1 18  made  water-tight;  at  L  is  a  reservoir  of  water^this  conr 
tents  ef  which  deseending  along  the  pipe  K  asoend  thiowgh  I, 
into  the  cylinder  GH,  and  are  forced  out  at  tiie  holes  G  and  "H, 
which,  iwHiBg  on  contraiy  sides  of  the  c^uidcr,  tmike  it  revolve^ 
and,  consequently,  carry  with  it  the  spindle  F  and  stone  A; 
die  whole  is  supported  by  •the  frame  D£ :  there  ii^  tlso,  a  con* 
trxranoe  to  augment  the  orhSoe  of  the  holes,  at  G  and  H,  fay  which 
meam^  the  velocity  of  the  mill  is  regulated. 

It  is  evident,  that  the  power  of  this  engine  depends,,  in  a  greet 
measnie,  on  the  height  of  the  reservoir  and  quantity  of  water 
flowing  throQgh  the  pipe  K:  henn,  this  maoaiQe  is  well  eeh- 
calated  Ibr  those  situationsi  where  iHm  fall  is  great,  and  the 
qnanttty  of  water  but  small;  it  must  be  here  oon^Msed,  that, 
however  simple  the  action  o£  this  mill  is,  ,  still  the  theory  of  its 
actionie  oouiected  widi  some  calodations  somewhat  abetruse  in 
their  natme;^  and  which  want  of  room  wilL  not  ena)>le  Us  to  de 
more  thaA  stat^  and  refer  ibr.  the  taladation  itself  te  the 
works  above  named.  The  several  data  required  axe,  ptoinetf^y, 
the  fbtkywing  .'-^ the  magnitude  of  the  pipe  which  oonvm 
the  v^ter  from  the  reservoir:  iSeamd^  the  force  with  w^ich  the 
machine  commences  its  motion : .  Third,  the  quantity  of  the  cen- 
triibgal  force  in  the  hollow  cylinder :  Fourth,  the  inertia  vf  the 
water  which  acts  in  ibpposition  to  the  centrifugal  force :  Fifihy 
the  acquired  velocity  of  the  v^ater  on  issuing  from  Ae  cylinder : 
Sisthf  the  ratio  of  me  central  force  to  the  inertia ;  added  to  which, 
it  is  requisite  to  adjust  the  several  pipes  and  cylinders,  as  well  as 
the  area  of  the  apertures  in  the  cylinders,  ^  so  that  a  maximum  of 
effect  may  be  produced. 

Ejpomple  106.  Page  234. — As  the  subject  of  arches  is  one  of 
considerable  interest,  and  has,  since  the  time  of  our  autluM-,  Mr. 
Emerson,  engaged  the  attention  of  men  of  science,  I  shall,  (our 
pages  not  allowing  us  to  enter  minutely  into  the  different  opinions 
of  various  authors,)  in  the  first  plaoe,  give  a  list  of  some  works 
that  will  amply  gratify  the  carious  on  tnis  point,  and  add  another 
Table  for  the  construction  of  any  arch  from  any  given  extrados, 
or  line  of  carriage-way  across  the  bridge ;  and,  first,  the  works  I 
would  recommend  for  perusal  on  this  subject  are, — Hntton's 
Principles  of  Bridges;  Hossuet's  Becherches  sur  L'Eguilibre  des 
Voutes,  Memoir  dt  VAcad,  des  Sciences,  1774  and  1776 ;  Dossuet's 
Mechanique,  edition  of  1802,  page  383 ;  Prony,  Arch-Hydraul, 
torn.!-;  Alwood's  Treatise  m  the  Cominution  md  Pr^l^ie$ 
ArdU»; Gregovy*s Meckamks^  vol.  1,  page  180,  and  following;  as 
weU  as  The  J&fKMoUjfUi^  Bnt^miica,  and  Sluffikmentf  actieks 
Bridge  and  Arch;  and  Huttbn's  and  BailoVa  JHoMmnoiica^ 
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Dktimtt^ ;  alsOj  Martin's  Ctrde  of  tht  Meckamcal  Am  con- 
Uin  much  on  the  subject  sekcUd  from  vaiimis  authors,  under 
the  article  Bridges, 

With  respect  to  the  Table  aMuded  to,  it  is  calculated  hy  Dr, 
liutton,  from  a  theorem  on  the  Arch  of  EquilibraooDj  that  the 
span  of  the  arch  is  IDO,  its  height  40,  and  the  thickness  at  the 
Cfown  6,  and  which  will  answer  for  any  other  arch  whose  spftn, 
height,  and  thickness,  are  to  each  other  in  like  proportion.  Now^ 
we  will  suppose  tlie  extrados,  or  carriage-wajj  to  be  a  straight 
line  parallel  to  the  horiion ;  and  let  a  perpendicular  line  (to  the 
horizon)  be  drawn  through  the  crown  of  the  arch,  and  lioes 
drawn  parallel  to  the  horiion,  and^  of  course,  perpendicular  lo 
this  line;  then,  if  we  consider  the  first  line  as  the  axis  of  llie 
curve,  tite  division  of  it,  where  the  other  line  crosses,  will  be 
abscissas  lo  the  curve,  and  the  lines  ihem selves  will  represent  the 
ordinates ;  then^  if  the  extrados  is  an^  horizontal  line^  or  nearlj 
so,  if  we  eall  the  abscissa  A,  and  the  ordinate  corresponding  to  it 
O,  we  shall,  by  the  means  of  the  following  table,  be  ahte  to  con- 
struct the  curve.  And  here  we  may  remark,  ihat  we  must 
measure  the  abscissa  not  from  the  vertex  of  the  curve,  but  from 
the  surface  of  the  extrados,  or  carriage-way,  as  the  number  6  is 
always  added  to  the  value  of  the  abscissa. 
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43 
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14 
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29 

15.196 

44 

33-299 

15 

B-120 

30 

15-980 

45 

35^35  i 
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8^430 

31 

16-811 

46 

37*075 

17 

8-766 

32 

U-639 

47 

39-126 

18 

9*16B 

33 

18  627 

48 

41'293 

19 

9-517 

34 

t9'6l7 

49 

43-581 

20 

35 

20*665 

50 

46-000 

When  the  eiitrados  differs  materially  from  a  straight  line,  this 
Table  will  not  answer ;  but  aii,  in  general,  it  is  best  to  make  the 
carriage-way  nearly,  if  not  quite,  level,  the  Table  will  be  found, 
k  actual  practiqe,  vciy  convenient.. 
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Etampii:  107.  Page  238. — As  the  description  here  given  u/S 
the  tceighiug  eiigine  is  attended  with  many  wconveniencesj  both, 
vf  iih  respect  to  the  delay  occasioned  by  iixing  the  chains,  and  th% 
damage  likely  to  accrnc  from  lifting  the  waggon  by  means  oC 
chains,  as  well  m  the  general  inconvenience  from  the  clumsy  form, 
of  the  engine  itself;  the  engine,  as  here  described,  has  been  sii-t 
perseded  by  one  of  much  more  convenient  structure,  and  which  X 
shall  here  shew.  Let  ABCD  {Fig.  2.  Fl.  L)  represent  a  atron* 
frame^  or  box,  about  twelve  or  eig:hieen  inches  deep,  with  a  solid 
and  thick  bottom  of  oak ;  the  whole  sunk  into  the  ground  and 
firmly  bedded,  so  that  the  edge  of  the  box  shall  be  level  with  the 
surface  of  Uie  road  over  i^hjch  the  carricige  is  to  pass.  There  is 
3.n 'opening  in  the  side  of  the  box  in  AB,  10  admit  of  a  strong  iron^ 
levefj  or  bar,  EF ;  nearly  at  the  end  F  is  fixed  a  Ailcrum  pin,formed 
like  die  nad  of  a  balance,  haviug  a  sharp  edge  downwards,  and 
resting  on  two  circular  arches  of  hardened  steel.  A  little  further 
from  the  end,  and  in  the  centre  of  the  box,  is  another  fulcrum  pin, 
whose  sh^p  edge  ia  upwards :  the  two  strong  iron  bars,.  GdG 
and  HifH,  resting  on  it  at  J  and  d ;  in  the  underside  of  these  bars 
are  four  strong  obtuse  angled  cones  near  the  ends  GG  and  HH,^ 
which  rest  on  four  strong  pieces  of  iron,  having  a  very  hard  steel 
cup  lo  receive  the  cones  on  tJie  top  of  these  bars ;  aud  rather 
nearer  the  centre  of  the  box  are  also  four  conical  pieces  of  steely 
as  a,  a,  6,  b  ;  on  the  cover  of  the  box  are  four  similar  strong 
pieces  of  iron,  widi  steel  cups,  to  correspond  and  rest  on  th^ 
cones  tf,  fl,  K  ^  i  die  end  of  the  bar  or  lever  EF  projecU  from  die 
box,  and  is  usually  enclosed  in  the  weighing  house ;  it  has  a  pitt 
at  e,  e,  which  id  attached  to  a  steel-yard,  or  a  pair  of  scales,  by 
which  we  ascertain  the  weight  on  the  platform  or  lid  of  the  box 
on  which  the  carnage  or  waggon  rests,  l^ig.  3.  Ft*  I-  is  a  secLioa 
of  the  box,  wiih  its  bars,  or  levers^  and  cones.  LM  represents  the 
platform,  or  top  of  the  box ;  fn,  two  studs  or  blocks  fixed  to  it 
with  hollow  steel  faces,  resting  on  the  obtuse  cones  u,  hy  which 
are  fixed  to  the  bars  GH ;  the  cones  o^p^  fixed  near  the  eictremi* 
ties  of  the  bars,  rest  on  the  pieces  x,^,  with  hollow  steel  faces,  and 
fixed  firmly  to  the  bottom  of  the  box  IK.  The  other  ends  of  thei 
bars  OH  rest  on  the  pin  rf.  going  through  the  lever  F.  The 
ends  of  the  bars  GH  are  generally  bent,  bo  that  the  points  of  su^ 
port  (ij  Of  dj  and  dy  pj  are  in  the  same  horiioutal  platie,  as  well 
as  the  sharp  edge  of  the  pin  QiZ^fig,  2.  The  machine  thus  con- 
structed is  evidently  nothing  but  a  combination  of  levers  in  tha 
nature  of  a  compound  steel-yard^  and,  therefore,  lliis  machine  is 
well  adapted  to  weigh  heavy  weightSt  as  waggons,  loaded  with 
goods,  ficc«  The  slnds  at  jr  and  ^  have  generally  a  little  rim  raisedk 
round  their  edge,  in  which  some  oil  is  poured,  that  the  damp 
and  dust|  which  unavoidably  enters  between  the  lid  or  platform^ 
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may  ftot  injure  by  rust,  or  otherwise,  the  accuracy  of  tnstf 
ment.  It  is  iiHual,  m  some  modem  iDstrameDtB^  to  attach  the  end 
«f  the  lever  E  to  a  bar,  or  chain,  connected  with  wheel  work,  of  a 
spring  steel-yurd  similar  to  that  shewa  in  Fig.  2»  PL  G,  which 
cnatrles  the  person  at  the  weigh-bridge  to  ascertain,  without  Irou- 
ble,  the  tJttraber  of  stones,  pounds,  kc.  the  carriage  is  above  the 
weight  alb  wed  by  Act  of  Parliament^  and  thiis  readily  to  fijc  the 
required  toll. 

Upon  much  the  tarue  jirinciple  as  this*  is  constmcted  the  com- 
raoti  weighing  machine,  used  for  the  purposes  of  commerce. 

At  page  204  of  these  Notes,  under  the  observations  on  tfmc/ia~ 
nical  pouHTSf  I  mentioned  the  faniouilar  machine,  as  somettmofl  in- 
cluded amongst  the  simple  medi^ieal  powers ;  I  sbail^  ther^re, 
give  some  description,  accompanied  with  propositionsj  regar4iiig' 
its  effects  in  overcoming  resistances. 

This  madiine  is  thus  noticed  in  Barlow's  Maihemaikid  Dlk- 
titmafy,  "Funicular  Macuise  (Itom  JuTacidHSf  a  r&pe)^  is  a 
tern  itsed  to  denote  an  assemblage  of  cords,  by  mems  of  which 
two  or  many  powers,  sustain  one  or  many  weights.  This  is 
classed,  by  some  authors,  amongst  the  simple  mechaiiical  powers, 
and  is  the  simplest  of  them  all,"  He  then  goes  on  to  shew,  Ibal^ 
in  order  to  find  the  equilibrium  of  forces,  we  must  make  use  of 
the  method  of  composritiou  of  forces  to  rediice  the  several  powiet» 
acting  on  the  cord,  to  a  single  power  which  acts  in  the  dLrectioii 
of  the  cord  J  and  refers  to  the  article  in  Gregory's  Mechanics  ;  tnal 
still,  to  the  mechanical  reader,  the  funicular  machine  is  TKit  itself 
descKbed,  not  tlie  uses  to  which  k  is  applied.  The  machine,  then, 
in  its  most  simple  form,  is  merely  a  rope,  or  cord,  haviiig  one  end 
fixed  iraraoreable,  and  the  other  fastened  to  the  weigh!  to  he 
moved ;  the  power  is  any'  force  applied  to  the  cord  between  the 
weight  and  tiie  fixed  end  of  it,  which  endeavours  lo  draw  the 
cord  out  of  the  straight  line  joining  these  points.  In  the  investi- 
gation of  the  power  of  this  machine,  we  nmst  suppose  the  cord  to 
be  without  weighty  perfectly  flexible,  and  of  no  thickness,  but 
merely  an  imaginary  line.  Thus,  every  rope  in  a  ship  is  a  fboi- 
cular  machifie^  and  tiie  method  used  to  belay  a  taek,  or  that  of 
fststenin^  I  he  cords  round  a  loaded  waggon,  is  but  the  action  of 
the  funicular  power,  if  the  term  may  be  used.  I  shall  now  lay 
down  a  few  propositions  to  illustrate  the  theoretical  computation 
of  the  funicular  machine ;  and  for  those  who  wish  more  on  tlie 
subject,  I  would  refer  them  to  a  work  entitleil  Trnite  Eltmniaire 
de  Stfttigne^  par  Gaspard  Monge^  pp*  101  lo  114,  the  second  edi- 
dition,  and  is  a  work  which  may  be  consulted  by  the  Mechanic 
fwho  IS  acquainted  with  th^i  French  latiguage)  with  great  ad  van* 
tage,  as  the  demonstrations  are  particularly  plain,  and  easy  to  bo 
coraprehendedt 
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Proposition  I. 

Let  ABC  {Fig,  1.  FL  K.)  be4i  cord,  hcSd  at  .  A  and  B  by  any 
force ;  and  let  another  cord,  as  BD,  attach  to  it  by  a  sliding  knot 
or  ring  at  B ;  Ihen/if  a  fdice  is  ap^liod  at  D  in  any  direction,  the 
ring  at  B  will  ^ide  tloag  the  cofd  ABC  till  it  rests  in  a  point 
where  the  fosces  at  A,  !>,  and  Q  are.  a  just  btdance  for  each.o4hcr.f 
or,  whtok  is.  the  same  thing,  tbe  tenrion  the  parts  AB,  BC,  and 
BD,  «f  the  oords  will  be  eqnal,  or  the  diiorant  larces  afitoig  at 
ADC  will  be  in  eq^atUbrio ;  and  this  will  always  happen  wben 
the  an^le  ABC  is  liiseotcii  lyy  linerdrawn;  in  the  airection  oi 
DB,^B£;  thatisy  wfaente«n^AB£  is  equal  the  angleCBB^ 
the  forces  at  A,  D,  and  C  are  in  equilibrio.  . . 

Demonstration. — Suppose,  in  the  figure,  that  the  cords  AB,  DB, 
and  CB  are  in  a  state  of  equilibrium..  Let  us  resolve  the  two 
forces  AB  and  DB  into  one  equivalent  force ;  thus,  as  the  tension 
on  the  cord  AB  is  equal  to  the  lensioB  on  the  covd  DB,  sat  any 
distances  aB,  bB,  equal  to  each  other,  to  represent  these  equal  tan- 
sions,  and  complete  the  paraHelograia  oC,  iB ;  then,  tlm 
principle  of  the  resolation  of  forces,  the  diagonal  a,  b,  wiU  repv&* 
sent  tiie  effect  of  the  joint  forces  oB  and  6B ;  in  the  same  nanser, 
tbfB  diagonal  a,  b,  wiU  repsesent  the  joint  forces  olbB  un^  dB,  by 
drawing  the  parallelogram  Bdeh ;  agsdn,  in  the  same  jnanndr^ 
draw  the  parallelogram  aEdB,  and  iu  diagonal  £B  ihXi  repieaen^ 
the  joint  tt>rces  of  aB  and  dB.  Now,  as  the  tension  of  all  the 
cords,  to  make  the  equilibrium,  axe  equid^  the  sides  of  the  several 
parajlelogmms  are  made  equal ;  it  is,  thereibre,  evadenty'that  the 
amies  AB^  and  CBD  are  equal,  but  th|j  angle  ABC  is  also  di^ 
vi^Bd  into  two  equal  parts  by  the  diagonal  ^fii  therefore^  the 
angle  is  equal  the  angle  £BD ;  hence,  angle  £Ba  +  angle 
ABD,  equal  an^  EBd  +  angle  CBD,  or  £BD  are  in  one  right 
line^  and,  of  course,  DB  continued  to  £  divides  the  angle  ABC 
into  two  equal  parts ;  consequenUy,  when  the  forces  ADC  are  in 
eqoilibrio^  the  airection  of  DB  will  be  such,  that  being  produced 
to  £,  the  angle  £BA  must  be  equal  to  the  angle  £BC,  wnich  waa 
to  be  demonstrated. 

Car.  1.  Hence,  it  is  evident,  that  as  the  cord  DB  is  at  liberty 
to  move  along  ABC  ^  by  means  of  the  ring  at  B,  if  any  force  is 
applied  at  D,  the  ring  iniX  slide  on  the  other  cord,  till  the  direc- 
tion of  DB  is  such,  that  the  angle  ABC  will  be  bisected  by  DB 
produced. 

Cor.  2.  If  DB  is  fixed  to  any  point  B  in  ^  coid  ABC,  and 
if  die  line^  of  jts  direction  does  not  bisect  the  angle  ABC,  the 
fomes  exerted,  the  foroes  will  not  be  in  eciwlibrium ;  hence,  by 
varying  the  direction  of  BD,  we  may  exert  more  or  Uls  force  on 
the  points  A  and  C. 
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G»r»  3*  The  locus  of  tlie  point  fi  will  always  be  in  th€  ctioum- 
fercoce  of  an  elipjie^  whose  foci  mre  at  A  and  and  whos^e 
tar^eit  or  transversa  diameter  is  the  whole  len|^  of  the  cord 
ABV. 

Cor.  4.  The  three  forces  at  A,  D,  and  C>  when  they  are  m  equi- 
iibrio,  will  be  m  the  same  proportjon  to  each  other  as  the  sides 
of  the  triangle  EaB,  that  b  A  :  C  :  D  ; :  a  B  :  aE  :  EB. 

Cor.  5*  As  ihft  jiides  if  triangles  are  in  the  same  proportion  to 
each  other  m  the  sines  of  their  opposite  angle^^^  we  so  all  have  the 
following  proportiotis  with  respect  lo  the  powers  A,  D,  C,  to  each 
other^  vii.  AB  :  BC  :  BD^^ineZ^^SB  :  sine^EB^i ;  sine^EaB, 
and  in  the  proportion  of  thmr  suppleEiieots  ABD^  CBD^  and 
ABC» 

PBO^OSITIOH  II; 

If  a  cord  is  suspended  from  two  fixed  pointSj  and  another  cord 
19  fixed  to  it  iti  any  point^t  the  force  applied  to  that  point  to  pro- 
duce an  etjiiihbrium,  or  make  the  tension  of  all  the  cords  equal, 
will  he  in  proportion  to  the  angles  formed  by  the  meeiing^  of  Ihe 
cords  in  the  point  where  they  are  attached  to  each  odier. 

Let  ABC  be  a  cord  attached  to  the  point  A  and  C,  and  kl 
another  cord  BD  be  firmly  Iked  to  the  point  B ;  1  say  the  force 
applied  at  B  must  be  (to  pFoduce  an  equilibrium)  in  the  same 
proportion  that  the  angle  ABC  has  to  the  angle  CBD,  added 
to  the  angle  ABD,  or^  more  properly,  the  angle  ABC  is  recipro- 
cally as  the  sines  of  the  angles  ABD  and  CBDj  that  is^  the 
greater  the  angle  ABC  15,  the  less  the  sine  of  the  angle  ABD 
and  CBD>  'fhis  is  evident  from  Cor.  5.  of  the  last  Proposition  - 
for  these  angles  are  in  the  same  proportioii  as  the  forces,  or  as  ihe 
angles  EAB,  ABE^  and  ABB,  which  was  to  be  shewn. 

Cpr.  Hence^  aUo,  as  £B  represents  the  tension  of  BD^ 
AB  the  tension  of  BC,  and  EC  the  tension  of  AB;  we  see  that 
a  small  force  at  B  (when  the  angle  ABC  is  great)  will  be  suffix 
cient  to  keep  in  equilibrio  a  great  force  at  A  and  C  ;  and  hence 
the  power  of  the  funicular  machine. 

C&r.  2.  Hence,  also,  as  every  rope  must  have  some  weight,  it 
is  impossible,  unless  the  power  at  A  and  C  are  infinite,  to  keep 
it  stretched  in  a  righ^  line;  and,  hence,  a  wry  small  powet  ex'- 
erted  on  tlie  rope  ABC  will  be  able  to  overcome  a  great  resist- 
ance at  its  extremities,  when  it  is  nearly  laying  even  between  the 
points  A  and  C,  whether  those  points  are  perpendicular,  parallel, 
or  oblique  to  the  horizon ;  for  as  EC,  ana  £B  represent  the 
forces  when  in  equilibrio,  £B  mny  be  very  small  in  comparison 
to  AE  or  EC. 

Cof\  3,  The  same  reasoning  holds  good^  if  two  or  more  powers 
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are  applied  to  tbe  rope  ABC ;  for  we  may  revolve  them  all  into 
one  power,  by  the  method  of  the  revolution  of  forces,  and  then 
consider  them  as  one  single  force. 

Cor.  4.  Hence,  it  is  evident,  that  if  the  rope  ABC  is  slackened, 
so  that  the  angle  ABC  becomes  very  small,  or,  that  the  diagonal 
£B  of  the  parallelogram  AECB  is  greater  than  AE,  no  power 
will  be  gained  by  applying  a  force  to  die  point  B  ;  and,  therefore, 
the  less  the  diagonal  EB,  the  greater  the  power  of  the  machine. 

Cor.  5.  Hence,  it  is  evident,  that  this  machine  is  calculated  to 
raise  very  heavy  weights  but  a  small  distance ;  for,  by  exerting  any 
force  at  B,  we  increase  the  angle  EAB,  and  consequently  the 
power  is  lessened,  till  another  equilibrium  is  obtained  in  the  posi- 
tion of  the  ropes. 

Note, — ^These  two  Propositions  are  sufficient  to  explain  the  the- 
ory of  the  Funicular  Machine.  I  shall  now  endeavour  to  shew  its 
practical  utility,  by  an  idea  of  a  machine,  which,  for  simplicity  and 
comparative  power,  will,  in  the  absence  of  more  powerful  and  com- 

S Heated  engines,  be  found  of  great  use  to  raise  heavy  bodies  for  small 
istances ;  and  tlie  reader  will  observe,  that  it  is  by  this  mechanical 
power,  that  on  shipboard  ropes  are  hauled  taut,  or  packages  are 
corded  tight. 

Let  AB  {Fig.  2.  PL  K)  be  two  posts,  firmly  fixed  in  the  ground, 
&c.  and  let  a  cord  proceed  from  C  (where  it  is  held  by  the  hand) 
through  two  holes  at  C  and  D,  and  proceed  to  E,  where  it  is  fixed 
to  the  body  W  we  wish  to  move,  either  by  drawing  on  the  ground, 
or  up  an  inclined  plane  G.  The  action  of  the  machine  is  this :  the 
man  at  C  gives  the  rope  a  turn  or  two  round  the  post  A,  to  prevent 
it  being  drawn  out  of  the  hole ;  then  another  man  (or  more)  lay 
hold  of  the  rope  at  O  near  the  centre,  and,  pulling  it  in  the  direction 
OP,  causes  the  weight  W  to  move,  when  it  is  pulled  so  £ir,  that 
the  power  at  O  is  in  an  equilibrium  with  the  weight  or  resistance ; 
if  the  weight  is  sustained  from  rolling  back,  the  man  at  C  again 
looses  the  hitch  round  the  post,  and  pull's  the  rope  tight ;  he  fiien 
twists  it  round  the  post  again ;  thus  the  rope  being  again  stretched, 
the  power  is  once  more  exerted  at  O,  and  so  on,  till  the  weight  is 
moved  as  required. 

Fig.  4.  PI.  K.  represents  another  modification  of  the  same  en- 
gine, when  the  weight  is  required  to  be  lifted  from  off  the  ground  : 
but  in  this  case,  as  the  direction  of  the  rope  is  changed  from  an  hori- 
zontal to  a  vertical  position,  we  must  have  recourse  to  the  pullies 
at  a,  by  c,  d,  as  the  figure  shews ;  the  rope  ABPD  is  fixed  to  the 
weight  at  W,  and  is  Sien  twisted  round  ttie  post  at  £ :  there  must, 
in  this  method  of  applying  the  furnicular  power,  be  some  contri- 
vance to  keep  the  rope  in  the  position  to  which  it  is  drawn  by  the 
power  at  P,  or,  whicn  is  the  same  thing,  to  prevent  the  weight  de- 
scending after  it  is  raised  by  the"  power  at  P:  or,  otherwise,  by 
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slackening  it  at  in  order  to  take  a  fresh  purchase  roimd  the  { 
at  £,  the  weight  would  descend  to  its  former  position.  This  con 
yance  may  be  somewhat  similar  to  that  described  at  page  308  in 
Appendix^  and  may  be  placed  between  the  pullies  b  and  c.  T 
this  machine  acts  by  alternately  tightening  the  rope,  and  appl^ 
the  power ;  and  we  may  here  observe,  that  the  farther  the  \ 
AB,  {Fig,  3.)  or  the  pullies  cd  {Fig,  4.)  are  apart^the  greater 
power. 

Perhaps,  the  greatest  advantage  this  machine  possesses  is,  1 
the  combined  efforts  of  many  individuals  may  be  applied  by  me 
of  a  rope  having  a  loop  or  ring  sliding  on  the  point  P ;  or,  if 
consider  it  a  simple  mechanical  power,  the  combined  efforti 
many  may  be  used  much  better  than  in  that  of  any  other  sin 
mechanical  power;  though,  at  the  same  time,  it  is  wanting  in  m 
of  the  conveniences  of  these,  lhave  here,  therefore,  notice( 
more  with  a  view  of  drawing  the  attention  of  the  Mechanic,  t 
that  of  shewing  any  advantages  it  possesses  over  other  powers ; 
the  principle  may,  without  doubt,  in  many  cases,  be  applied  ^ 
considerable  convenience ;  and  as  it  is  so  veiy  simple,  it  may,  w 
combined  with  others,  be  of  great  utility,  particularly  when  n 
complicated  engines  are  not  at  hand,  and  we  have  the  exertio: 
several  individuals  whose  muscular  strength  we  wish  to  apply 
the  greatest  advantage. 

As  these  Notes  and  Observations  have  already  extended  i 
length  that  I  had  not  contemplated,  and  as  the  subject  of  mech 
cal  engines  is  of  itself  an  inexhaustible  mine,  rich  with  preci 
metal,  and  worthy  the  labour  of  extracting,  I  think  I  cannot 
better  than  recommend  to  my  readers  to  consider,  with  at 
tion,  what  has  already  been  attained ;  and  to  remember,  that  h 
ever  severe  the  toil  is,  or  difficult  the  surface  to  penetrate,  we  s 
he  amply  rewarded  by  the  pdssessioti  of  the  tireasare  of  Imd^Ti 
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